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PESTICIDES, HUMAN HEALTH, AND THE FooD QuALITY
PROTECrION Acr
KRISTINA THAYER* & JANE HOULIHANt
I. INTRODUCTION
The use of synthetic pesticides started in the United States during the
1930s, however, it only became widespread after the end of World War II,
following the discovery that organochlorine chemicals, such as dichloro-
diphenyltrichloroethane ("DDT"), lindane, and hexachlorobenzene, were
effective insecticides or fungicides.' Pesticides were widely credited with
increasing crop yields and protecting human health by killing malaria-
spreading mosquitoes. Because these pesticides did not seem to cause acute
toxicity to humans, society generally regarded them to be safe, and it was not
until 1954 that there was any specific guidance for establishing safety limits
for pesticide residues on agricultural commodities.' By the early 1950s, clear
evidence showed, however, that several organochlorine pesticides caused
extensive kills of fish, frogs, birds, and bees from Canada to the deep South.
Concern grew that pesticides could also be harming people.
The publication of Rachel Carson's book Silent Spring' in 1962 brought
these concerns to public light and marked the beginning of the modem en-
vironmental movement. Worry that environmental contaminants, including
pesticides, harm human health has only increased over the past several
decades, prompted by findings that various diseases and disorders are in-
creasing in people at rates that are not fully accounted for by other factors,
such as increased life span and improved diagnosis and reporting.
* Dr. Kristina Thayer was a Senior Scientist at the Environmental Working Group in
Washington, D.C. during preparation of this article. Her current affiliation is at the National
Institutes of Environmental Health Sciences in Research Triangle Park, N.C.
(thayer@niehs.nih.gov).
t Jane Houlihan is Vice President for Research at the Environmental Working Group in
Washington, D.C. (jane@ewg.org).
'Global Programme of Action for the Prot. of the Marine Env't from Land-Based Activities,
United Nations Env't Programme, History of POPs Discovery, Use and Ban (2000),
available at http://pops.gpa.unep.org/04histo.htm.
2See Law of July 22, 1954, § 3, 68 Stat. 511, 511 (1954) (also known as the Miller Pesticide
Amendment), repealed and replaced by Food Quality Protection Act of 1996, Pub. L. No.
104-170 §405, 110 Stat. 1489, 1514 (1996) (codified at 21 U.S.C. § 346(a) (2000)).
3 RACHEL CARSON, SILENT SPRING (1962).
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In 1970, the newly created Environmental Protection Agency ("EPA")
took over the Food and Drug Administration ("FDA") program for setting
pesticide tolerances.' Tolerances are legal limits for pesticide residues in
food. EPA initially calculated safe levels of pesticides at levels that would
protect adults, even though scientific studies increasingly noted that infants
and children were more vulnerable to chemical exposures.'
In 1996, Congress acknowledged the unique vulnerability of children
to pesticides and passed the Food Quality Protection Act ("FQPA") 6 that
amended the Federal Food, Drug, and Cosmetic Act ("FFDCA").7 The FQPA
was the first piece of legislation in the United States explicitly recognizing
the unique vulnerability of children to the harmful effects of pesticides and
requiring setting of safety standards to protect children. Because of EPA's
failure to comply with some of the requirements of the law, however,
children's health protection falls short of achieving the level envisioned by
Congress. EPA failed in many critical instances to apply the full safety
factors8 mandated by FQPA to ensure health protection for children, even in
cases where laboratory data show unequivocally that the young are more
sensitive than adults.
4 See 1970 Reorganization Plan No. 3, § 2(a)(4), 35 Fed. Reg. 15,623 (Dec. 2, 1970).
Thomas 0. McGarity, Politics by Other Means: Law, Science, and Policy in EPA's
Implementation of the Food Quality Protection Act, 53 ADMIN. L. REv. 103, 113 (2003).
6 Food Quality Protection Act of 1996, Pub. L. No. 104-170, § 405, 110 Stat. 1513, 1514-35
(1996) (codified as amended at 21 U.S.C. § 346(a) (2000)).
' Federal, Food, Drug & Cosmetic Act, ch. 242, 53 Stat. 853 (1938) (codified as amended
at 21 U.S.C. §§ 301-397 (2000)).
'EPA determines a daily "safe" dose of pesticide in terms of a reference dose or population
adjusted dose by dividing the lowest animal "no observable adverse effect level" ("NOAEL")
by a series of safety or uncertainty factors. Typically, a ten-fold (1 OX) factor is applied to the
NOAEL to account for differences between animals and humans (the interspecies factor) and
another lOX factor often is applied to account for differences between people (the
intraspecies factor). Rarely are the inter- and intraspecies factors not applied, making the
total factor applied at least 1 OOX. The lOX FQPA safety factor can also be applied to account
for childhood susceptibility, bringing the total factors applied to 1 000X, resulting in a daily
safe dose ten times lower than that for adults. For example, to determine the daily safe dose
of a pesticide with the lowest NOAEL from an animal study of 10 mg/kg/day:
Without FQPA safety factor: 10 mg/kg/day / (lOX interspecies)(l OX intraspecies) = 10
mg/kg/day / lOOX = 0.1 mg/kg/day.
With FQPA safety factor: 10 mg/kg/day / (10X interspecies)(lOX intraspecies)(lOX
FQPA) = 10 mg/kg/day/ 1000X = 0.01 mg/kg/day.
See J.C. Cicmanec et al., Non-Cancer Risk Assessment: Present and Emerging Issues, in
ToxIcoLOGY AND RISK ASSESSMENT: PRINCIPLES, METHODS, AND APPLICATIONS 293, 300
(A.M. Fan & L.W. Chang eds., 1996).
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This paper is divided into three main sections. In Part II, we discuss
disease and disorder trends in people. In some cases, such as cancer, the
National Cancer Institute ("NCI")9 tracks the incidence of disease and clear
trends can be identified. Other disorders, like poor semen quality, are not
tracked in a systematic way but have been the subject of numerous scientific
reviews in the past decade. We discuss disease trends because exposure to
environmental contaminants, including pesticides, is often implicated in
disease etiology and progression. We also describe the Agricultural Health
Study ("AHS"), a multi-government agency and academic effort to study
pesticides and human health.'" AHS includes almost ninety thousand people
and will likely prove one of the most informative long-term epidemiological
studies ever conducted.
In Part III, we discuss the FQPA of 1996, beginning with the policy and
science climate in the years immediately preceding its passage. We also
discuss the National Academy of Sciences ("NAS") report of 1993 titled
Pesticides in the Diets of Infants and Children," which recommended that
EPA take into account the unique health and exposure concerns of children
when setting "safe" levels of pesticide exposure. At the time of the NAS
Report, a growing number of scientists from many different disciplines
became aware that many chemicals had the capacity to interfere with
hormone (endocrine) function. Endocrine disruption, as it came to be called,
is a special concern for fetuses and infants because perturbation of the
endocrine system during development can lead to permanent changes in
biological function later in life. Most of the NAS recommendations were, in
essence, enacted by Congress in FQPA. In FQPA, Congress also directed
EPA to develop a screening program for endocrine disrupting effects.
In Part V, we discuss FQPA in practice. We first review the types of
laboratory animal studies EPA uses to evaluate potential health impacts on
children from a given pesticide. EPA uses these studies to determine whether
a pesticide needs the additional FQPA safety factor to account for increased
susceptibility in the young. In FQPA, Congress directed EPA to use a ten-
fold margin of safety (10X FQPA safety factor) in assessing risk to infants
and children. The additional safety factor takes into account potential pre-
' See Nat'l Cancer Inst., NC[ Mission Statement, at http://www.cancer.gov/aboutnci/
overview/mission (last visited Oct. 20, 2003).
10 See Agricultural Health Study, at http://www.aghealth.org (last visited Oct. 10, 2003).
' NAT'L RES. COUNCIL, PESTICIDES IN THE DIETS OF INFANTS AND CHILDREN 12 (1993),
available at http://books.nap.edu/books/0309048753/htm/.
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and post-natal toxicity and the completeness of the toxicity and exposure
databases. EPA can depart from using a 10X FQPA safety factor only if
"reliable evidence shows that a different safety factor is protective of infants
and children."' 2 Unfortunately, the toxicity studies EPA uses to make these
determinations assess crude measures of toxicity such as gross malformation,
viability, growth, and organ weight. In general, endpoints that measure the
integrity of organ function, functional toxicity, are more sensitive, resulting
in detection of lower dose effects. Yet, measures of functional toxicity in
young laboratory animals are not available for the majority of pesticides.
Available data on increased susceptibility in the young therefore may be often
an underestimate of true differences.
In closing, we review several EPA FQPA 10X decisions on various
organophosphate and endocrine-disrupting pesticides. To date, EPA has not
used the safety factor as aggressively as it could. For example, certain
pesticides show a greater than ten-fold increased toxicity to young animals,
yet this magnitude difference in response is not incorporated into the FQPA
safety factor. In addition, gaps in endocrine-mediated toxicity (endocrine
disruption) are not being considered data gaps worthy of a FQPA safety
factor even though FQPA required EPA to develop and implement a screen-
ing program for endocrine disruptors by 1999.
I. PESTICIDES AND HUMAN HEALTH
The incidence or prevalence 3 of some diseases and disorders has been
increasing in the general population over the past several decades. Some
increases may be explained by improved diagnosis and reporting, or because
people are living longer. Many of the increases in health problems, however,
are not fully explained by either explanation, and some health conditions are
on the rise even among children. This fact suggests that environmental
factors, including chemical exposures, may be to blame.
"2 OFFICE OF PESTICIDE PROGRAMS, ENVTL. PROT. AGENCY, DETERMINATION OF THE
APPROPRIATE FQPA SAFETY FACTOR(S) IN TOLERANCE ASSESSMENT 4 (2002), available at
http://www.epa.gov/oppfeadl/trac/science/determ.pdf [hereinafter APPROPRIATE FQPA
SAFETY FACTOR].
"3 Incidence is the fraction or proportion of a group initially free of the condition that
develops it over a given period of time. Prevalence is the fraction or proportion of a group
possessing a clinical condition at a given point in time. R.H. FLETCHER ET AL., CLINICAL
EPIDEMIOLOGY, THE ESSENTIALS 77-78 (2d ed. 1988).
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Studies in the peer-reviewed literature have found links between
pesticide exposures and a broad range of human health problems. These
problems include certain types of cancer in adults and children, neurode-
generative disorders such as Parkinson's disease, respiratory ailments, low
birth weight, and reproductive abnormalities.
A. Adult Cancer
Between 1992 and 1999, cancer incidence in adults decreased slightly
overall, but increased for many particular forms of the disease, including
breast, thyroid, kidney, liver, skin, acute myeloid leukemia in men and non-
Hodgkin's lymphoma in women.' 4 The probability that a United States
resident will develop cancer at some point in his or her lifetime is almost one
in two for men and over one in three for women.' 5 Only five to ten percent
of all cancers are linked to inherited, genetic factors.' 6 For the remainder,
broad arrays of environmental factors play a pivotal role. On April 3, 2003,
the World Health Organization issued a press statement announcing that
scientists predict a fifty percent increase in global cancer rates by 2020.7
Some types of cancer are associated with pesticide exposure in people,
especially in relation to occupational or agricultural exposures.' This list
"4 See infra tbl. 1; CANCER STATISTICS BRANCH, NAT'L CANCER INST., SEER CANCER
STATISTICS REVIEW 1973-1999, at 1-7 (Lynn A.G. Ries et al. eds., 2002), available at
http://seer.cancer.gov/csr/1973_1999/ (last visited Oct. 20, 2003) (SEER stands for
Surveillance Epidemiology, and End Results; SEER studies are products of the National
Cancer Institute) [hereinafter SEER CANCER STATISTICS].
5 Id. at tbl. 1-15.
16 AM. CANCER SOC'Y, CANCER FACTS & FIGURES 2001, at 4 (2001), available at
http://www.cancer.org/docroot/STT/stt02001.asp?sitearea=STT&level=l.
"7 Press Release, World Heath Organization, Global Cancer Rates Could Increase by 50%
to 15 Million by 2020 (Apr. 3,2003), available athttp://www.who.int/mediacentre/releases/
2003/pr27/en/.
18 See generally, Aaron Blair & Shelia Zahni, Agricultural Exposures and Cancer, 103
ENVTL. HEALTH PERSP. 205 (1995) (showing that farmers have increased risk of cancer);
Aaron Blair & Deborah White, Leukemia Cell Types andAgricultural Practices in Nebraska,
40 ARCHIVES ENVTL. HEALTH 211 (1985); Aaron Blair et al., Lung Cancer and Other Causes
of Death among Licensed Pesticide Applicators, 71 J. NAT'L. CANCER INST. 31 (1983)
(finding that exposure to pesticides increased standardized mortality ratio for leukemia, and
cancers of the brain and lung); Aaron Blair et al., Non-Hodgkin's Lymphoma and
Agricultural Use of the Insecticide Lindane, 33 Arm. J. Indus. Med. 82 (1998) (finding that
lindane exposure is linked to non-Hodgkins lymphoma); Bu-Tian Ji et al., Occupational
Exposure to Pesticides and Pancreatic Cancer, 39 AM. J. INDUS. MED. 92 (2001) (finding
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includes leukemia, non-Hodgkin's lymphoma, multiple myeloma and cancers
of the thyroid, skin, lip, stomach, brain, prostate, and pancreas. Many of
these cancers are also increasing in incidence among the general popula-
tion.'9
I. Breast Cancer
Among girls born today, about one in eight (13.4%) is expected to
develop breast cancer and one in thirty-two is expected to die from the
disease.20 For females sixty-five and younger, breast cancer incidence rose
over 1.2% per year between 1975 and 2000 in white and black women,2
corresponding to a doubling every two generations, or fifty-eight years. If
trends continue, the granddaughters of today's young women could face a
one in four chance of developing breast cancer.
Most of the studies evaluating associations between breast cancer and
pesticide exposure focused on the organochlorine pesticides, such as DDT
(or the DDT breakdown product, DDE), chlordane and dieldrin. Some of
these studies, including a recent large Long Island study, have not found an
association between organochlorine pesticides and breast cancer,22 while
others have. One recent study found that women with a higher exposure to
that increased exposure to pesticides is associated with heightened risk of pancreatic cancer);
Jane E. Keller-Byrne et al., A Meta-Analysis of Non-Hodgkin 's Lymphoma among Farmers
in the Central United States, 31 AM. J. INDUS. MED. 442 (1997) (noting high incidence of
non-Hodgkins lymphoma among farmers); Dina M. Schreinemachers et al., Cancer Mortality
in Agricultural Regions of Minnesota, 107 ENVTL. HEALTH PERSP. 205 (1999) (observing
positive association between cancer risk and farming); Barry L. Waddell et al., Agricultural
Use of Organophosphate Pesticides and the Risk ofNon-Hodgkin 's Lymphoma AmongMale
Farmers (United States), 12 CANCER CAUSES & CONTROL 509 (2001) (seeing overlap
between diazinon exposure and lymphoctic lymphoma); Tongshang Zheng et al.,
Agricultural Exposure to Carbamate Pesticides and Risk ofNon-Hodgkin Lymphoma, 43 J.
OCCUPATIONAL & ENVTL. MED. 641 (2001) (finding that use of carbamate pesticides is
associated in thirty to fifty percent increased risk of developing non-Hodgkin's lymphoma).
9 See infra Tl. 1; SEER CANCER STATISTICS, supra note 14, at tbl. I-1.
20 See SEER CANCER STATISTICS, supra note 14, at tbl. 1-15.
21 SEER, NAT'L CANCER INST., ANNUAL PERCENT CHANGE FOR THE TIME PERIODS 1975-
2000, 1996-2000, AND 1992-2000 (2003), available at http://seer.cancer.gov/faststats/htmll
inc breast.html.
22 See Marilie D. Gammon et al., Environmental Toxins and Breast Cancer on Long Island.
II. Organochlorine Compound Levels in Blood, 11 CANCER EPIDEMIOLOGY BIOMARKERS &
PREVENTION 686 (2002) (showing no association between breast cancer and pesticide
exposure among Long Island women).
262 [Vol. 28:257
PESTICIDES
dieldrin were not necessarily more likely to develop breast cancer, but were
more likely to die from the disease.23
Researchers face two major problems in interpreting the data from these
studies. First, the studies are based on measurements of current body burdens
of organochlorines, a severe limitation in cases where early life exposures are
important determinants of cancer risk, a risk shown for endocrine disrupting
chemicals in laboratory animals.24 A recent paper by Doctor Linda Birnbaum
and Doctor Suzanne Fenton reviews several studies that show developmental
exposure to dioxin, an industrial contaminant; atrazine, a herbicide; and
bisphenol A, an industrial chemical used in plastics, impact mammary tissue
development following in utero exposure.25 In one case, dioxin affected
mammary gland growth only if exposure occurred in late organogenesis,
gestational day fifteen, but not after.26 For these reasons, measuring current
body burdens of contaminants may not accurately reflect the contributions
of chemical exposure to cancer incidence or other diseases.27
Second, researchers focused human studies far too often on
organochlorine exposures, excluding scores of other pesticides and industrial
chemicals known to occur in human tissues. This is done because organo-
chlorine pesticides persist in the human body for a long time, some have been
shown to interact with the estrogen receptor, and laboratories know how to
measure many organochlorines in human tissues. 28 The majority of organo-
chlorines, however, have not been shown to cause mammary gland toxicity
in rodents.29 Well over two dozen other pesticides, from a variety of chemical
23 See Annette P. Hoyer et al., Organochlorine Exposure and Breast Cancer Survival, 53 J.
CLINICAL EPIDEMIOLOGY, 323, 325-28 (2000).
24 See Linda S. Birnbaum & Suzanne E. Fenton, Cancer and Developmental Exposure to
Endocrine Disruptors, 111 ENVTL. HEALTH PERSP. 384, 391-93 (2003).
25 Id.
26 Id. at 392.
27 Notice of Availability and Opportunity to Provide Comment on the Draft Final Guidelines
for Carcinogenic Risk Assessment and the Draft Supplemental Guidance for Assessing
Cancer Susceptibility from Early-Life Exposure to Carcinogens, 68 Fed. Reg. 10,012, 10,012
(Mar. 3, 2003) (directing reader to EPA website and requiring comments by May 1, 2003);
ENVTL. PROT. AGENCY, DRAFT FINAL GUIDELINES FOR CARCINOGEN RISK ASSESSMENT 1-12
(external review draft, Feb. 2003), available at http://cfpub.epa.gov/ncea/cfrn/recordisplay.
cfmn?deid=55445 (last updated Aug. 1, 2003).
2 GlobalAssessment ofthe State-of-the-Science ofEndocrine Disruptors, U.N. World Heath
Organization, at 59, U.N. Doc. WHO/PCS/EDC/02.2, (2002), available at http://www.
who.int/pcs/emergsite/edc/global edcTOC.htm [hereinafter Global Assessment].29 1d. at 77.
2632004]
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classes, cause mammary gland toxicity in rodents, including atrazine, cap-
tafol, cyanazine, diuron, ethylene dibromide, naled, and oryzalin. 30 A recent
review article noted that 102 of 526 chemicals (nineteen percent), both
pesticides and non-pesticides, tested in long-term animal bioassays were
mammary gland carcinogens in mice.31 Yet, the vast majority of these
chemicals have not been incorporated in studies of human risk factors for
breast cancer.
2. Prostate Cancer
Prostate cancer rates rose three percent a year between 1975 and 2000,
or more than a doubling of risk in a generation.32 Since 1992, the incidence
has declined, but it is still twice the 1973 rate.33 Prostate cancer is still
increasing in men under sixty-five at 2.8% per year, 34 and is now the most
common cancer among men in the United States as well as the second most
lethal, killing an estimated 30,200 men in the year 2002 alone.35
Numerous studies found associations between prostate cancer and
exposure to pesticides, typically in farmers, pesticide applicators, or pesticide
factory workers.36 Specific pesticides linked to prostate cancer include
30 See DEP'T OF PESTICIDE REG., CAL. ENVTL. PROT. AGENCY TOXICITY DATA REVIEW
(2003), available at http://www.cdpr.ca.gov/docs/toxsums/toxsunlist.htm (last visited Sept.
10, 2003), for a list of summaries available online.
3" Lois S. Gold et al., Compendium of Chemical Carcinogens by Target Organ: Results of
Chronic Bioassays in Rats, Mice, Hamsters, Dogs, and Monkeys, 29 TOXICOLOGIC
PATHOLOGY 639, 649 (2001).
32 SEER, NAT'L CANCER INST., INCIDENCE: PROSTATE CANCER, ANNUAL PERCENT CHANGE
FOR THE TIME PERIODS 1975-2000, 1996-2000, AND 1992-2000 (2003), available at
http://seer.cancer.gov/faststats/htl/inc__prost. html.
11 SEERCANCER STATISTICS, supra note 14, at tbls. XXII-4 to XXII-9, figs. XXII-1 to XXII-
5.
34 Id.
35 Id. at tbl. 1-1.
36 See Michael C.R. Alavanja et al., Use ofAgricultural Pesticides and Prostate Cancer Risk
in the Agricultural Health Study Cohort, 157 AM. J. EPIDEMIOLOGY 800 (2003) (finding
association between pesticide exposure and prostate cancer); J. Dich & K. Wiklund, Prostate
Cancer in Pesticide Applicators in Swedish Agriculture, 34 PROSTATE 100 (1998) (showing
"statistically significant increased risk of prostate cancer" in pesticide applicators); Lora E.
Fleming et al., Cancer Incidence in a Cohort of Licensed Pesticide Applicators in Florida,
41 J. OCCUPATIONAL ENVTL. MED 279 (1999) (finding increased prostate and testicular
cancer incidence in Florida pesticide applicators compared to the general population); Jane
E. Keller-Byrne et al., Meta-Analyses of Prostate Cancer and Farming, 31 AM. J. INDUS.
[Vol. 28:257264
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organochlorine insecticides and acaricides, 37 atrazine,38 and methyl bro-
mide. 39 Atrazine,4 ° methyl bromide,4' and several organochlorine pesticides
-such as DDT and methoxychlor 42 -have been shown to cause prostate
damage in rodents. Methyl bromide research linked it to causing prostate
adenocarcinomas, a type of tumor, in rats.
B. Childhood Cancer
The incidence of childhood cancer increased by twenty-six percent
between 1975 and 1999.43 The most common cancers of young children
-from birth to age fourteen, but especially from birth to age four-are
nervous system tumors and leukemias. Cancer was the fourth leading cause
of death for children and adolescents between the ages of zero and nineteen,
behind injury, homicide, and suicide. 4 For newborn boys and girls, the
MED. 580 (1997) (reviewing articles from 1983 to 1994 for meta-analysis and finding
positive association between farmers and development of prostate cancer); Paul K. Mills,
Correlation Analysis of Pesticide Use Data and Cancer Incidence Rates in California
Counties, 53 ARCHIVES ENVTL. HEALTH 410 (1998) (seeing increased risk of certain types
of cancer in agricultural counties of California for Hispanic and black men-associated with
exposure to several types of pesticides); L. Settimi et al., Prostate Cancer and Exposure to
Pesticides in Agricultural Settings, 104 INT'L J. CANCER 458 (2003) (finding forty percent
increased risk of prostate cancer for agricultural employees); Sangeeta Sharma-Wagner et
al., Occupation and Prostate Cancer Risk in Sweden, 42 J. OCCUPATIONALENVTL. MED. 517
(2000) (seeing an increased risk of prostate cancer for certain occupations, including
agricultural industries).
17 See generally Settimi et al., supra note 36 (finding correlation between acaricide use and
prostate cancer).
" Letter from Jennifer Sass & Paul W. Brandt-Rauf to the Editor, on Maclennan et al. Report
on an Elevated Incidence of Prostate Cancer Among Workers in a Triazine Manufacturing
Plant, 45 J. OCCUPATIONAL ENVTL. MED. 343, 344 (2003); Mills, supra note 36, at 410.
" See Alavanja et al., supra note 36, at 810.
40 See CAL. DEP'T OF PESTICIDE REG., ATRAZINE: SUMMARY OF TOXICOLOGY DATA (last
revised 2001), available at http://www.cdpr.ca.gov/docs/ toxsums/pdfs/45.pdf.
41 See CAL. DEP'T OF PESTICIDE REG., METHYL BROMIDE: SUMMARY OF TOXICOLOGY DATA
(last revised 2003), available at http://www.cdpr.ca.gov/docs/toxsums/pdfs/385.pdf.42 AGENCY FOR ToxiC SUBSTANCES & DISEASE REGISTRY (ATSDR), TOXICOLOGY PROFILE
FOR DDT, DDE AND DDD (2002), available at http://www.atsdr.cdc.gov/toxprofiles/
tp35_c3.pdf; ASTDR, TOXICOLOGY PROFILE FOR METHOXYCHLOR (2002), available at
http://www.atsdr.cdc.gov/toxprofiles/tp47_c3.pdf.
41 SEER CANCER STATISTICS, supra note 14, at sec. XXVII, tbl. XXVII-1.
14 CANCER STATISTIC BRANCH, NAT'L CANCER INST., CANCER INCIDENCE AND SURVIVAL
AMONG CHILDREN AND ADOLESCENTS: UNITED STATES SEER PROGRAM 1975-1999, at 1
2652004]
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chance of developing cancer by the age of twenty is one in three hundred and
one in three hundred thirty-three, respectively. 5
In the past ten years, rates of increase in overall cancer incidence for
children leveled off, but a number of specific types of cancer continue to
increase in incidence. Tumors that increased in incidence in children and
adolescents (from birth to age fourteen, and/or from birth to age nineteen)
since either 1975 or 1987, through 1999, include: leukemia (lymphoid leu-
kemia, acute lymphoblastic leukemia, and acute non-lymphocytic leukemia),
non-Hodgkin's lymphoma, liver tumors, malignant bone tumors (osteo-
sarcomas), soft-tissue sarcomas (tumors that arise from connective tissue
such as muscle or bone), germ cell tumors (tumors that develop from
testicular or ovarian cells), and malignant epithelial tumors.4
One of the most deadly types of childhood central nervous system
("CNS") tumors, primitive neuroectodermal tumors, increased on average
more than two percent every year between 1987 and 1999, and the incidence
of this tumor type is now about two hundred percent higher than in 1975. 47
Sympathetic nervous system tumors have been increasing in girls since 1987
at an estimated 2.4% per year.48 In boys up to age fourteen, the incidence
of germ cell tumors49 that spread to the head or spine have increased in
incidence an average of nine percent every year since 1987.50
A number of chemicals are linked to childhood cancer, including
pesticides, solvents, and exhaust fumes. Parental exposure to pesticides or
pesticide use in the home has been linked to brain cancer, leukemia, and non-
Hodgkin's lymphoma in children.5' Other childhood cancers linked to
pesticide exposure are Wilms' tumor and Ewings' sarcoma.
(Lynn A.G. Ries et al. eds., 1999), at http://seer.cancer.gov/publications/childhood/
[hereinafter CANCER INCIDENCE].
45 Id.
46 See infra tbl. 2; see generally CANCER INCIDENCE, supra note 44, at chpts. XII, XIII;
TRACEY J. WOODRUFF ETAL., ENVTL. PROTECTION AGENCY, AMERICA'S CHILDREN AND THE
ENVIRONMENT: MEASURES OF CONTAMINANTS, BODY BURDENS, AND ILLNESS 76-81 (2d ed.
2003), available at http://www.epa.gov/envirohealth/children/ace_2003.pdf; SEERCANCER
STATISTICS, supra note 14, at tbls. XXVII-1, XXVII-2.
47 SEER CANCER STATISTICS, supra note 14, at tbl. XXVIII-3; WOODRUFF ET AL., supra note
46, at 127.
48 SEER CANCER STATISTICS, supra note 14, at tbl. XXVIII-5.
" A germ cell tumor is one that arises from sperm or eggs. WOODRUFF ET AL., supra note 46,
at 127.
so SEER CANCER STATISTICS, supra note 14, at tbl. XXVIII-4.
-" WOODRUFF ET AL., supra note 46, at 78.
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Leukemia is the most common type of childhood cancer. Children who
live in developed countries are at higher risk than children who live in
developing countries for the most common type of childhood leukemia, acute
lymphoblastic leukemia ("ALL").5 2 Numerous studies found associations
between pesticides and leukemia in children." One recent Northern Cali-
fornia study found that household pesticide exposure, assessed by use of
professional pest control service, before pregnancy, during pregnancy, or
during the first three years of life, was associated with almost a three-fold
increased risk of childhood leukemia.54 The associations were stronger for
insecticides and household use of pesticides. Another recent California study
found a significant association between childhood leukemia and exposure to
an organosulfite acaricide, called propargite, as assessed by geographic
information system ("GIS")" technology.
On March 3, 2003, EPA published its draft cancer risk assessment
guidelines in the Federal Register that contain significant changes in the way
EPA may assess the risk from certain cancer-causing chemicals in the
environment.56 In these guidelines EPA formally acknowledged that children
are more vulnerable than adults to the effects of carcinogens, specifically
those that damage DNA directly, mutagens. EPA reviewed twenty-three
studies of cancer incidence in laboratory animals from the past fifty years
and found that in half of the cases, these carcinogens showed more than a
ten-fold increase in potency when exposure occurred in early life.57 One
52 CANCER INCIDENCE, supra note 44, at 28-29.
s See generally C. Infante-Rivard et al., Risk of Childhood Leukemia Associated with
Exposure to Pesticides and with Gene Polymorphisms, 10 EPIDEMIOLOGY 481 (1999) (noting
that pesticide use increased risk by a several-fold factor); R. Meinert et al., Childhood
Leukaemia and Exposure to Pesticides: Results of a Case-Control Study in Northern
Germany, 32A EUR. J. CANCER 1943 (1996) (finding that pesticides contribute to leukemia);
R. Meinert et al., Leukemia and Non-Hodgkin's Lymphoma in Childhood and Exposure to
Pesticides: Results of a Register-Based Case-Control Study in Germany, 151 AM. J.
EPIDEMIOLOGY 639 (2000) (finding increased risk of cancer with pesticide exposure among
children in Germany).
" Xiaomei Ma et al., Critical Windows of Exposure to Household Pesticides and Risk of
Childhood Leukemia, 110 ENVTL. HEALTH PERSP. 955 (2002) (discussing higher risk of
leukemia with exposure to pesticides early in life).
" Peggy Reynolds et al., Childhood Cancer and Agricultural Pesticide Use: An Ecologic
Study in California, 110 ENVTL. HEALTH PERSP. 319 (2002) (seeing higher rates of leukemia
with propagite exposure).
56 ENVTL. PROT. AGENCY, supra note 27, at 1.
" JIM COGLIANO ET AL., ENVTL. PROT. AGENCY, EPA/630/R-03/003, SUPPLEMENTAL
GUIDANCE FOR ASSESSING CANCER SUSCEPTIBILITY FROM EARLY-LIFE EXPOSURE TO
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cancer-causing agent, safrole, showed a sixty-five-fold increase in potency
in early life exposure.58 Based on these studies, EPA concluded that infants
up to age two are at least ten times more vulnerable to mutagenic carcin-
ogenic agents than adults.59 The Agency also found that children from age
two to fifteen are three times more vulnerable than adults.6 These factors
reflect the enhanced capacity of carcinogens to harm children, but do not
incorporate excess risks driven by children's higher exposures relative to
adults on a body weight basis, which further intensify cancer risk in early
life.
C. Nervous System Disorders
Several recent studies determined that the reported incidence of autism
is increasing, and is now almost ten times higher than in the mid-1980'S.
61
Autism clearly has a genetic component. The concordance in monozygotic,
or identical, twins is sixty-six percent and two to six percent in dizygotic
twins.62 Genetics alone, however, does not explain the onset of the disease,
that is likely caused by multiple factors. The number of children being
diagnosed and treated for attention deficit disorder ("ADD") and attention
deficit hyperactivity disorder ("ADHD") also increased dramatically in the
past decade.63 The causes are largely unexplained, but environmental fac-
CARCINOGENS (external review draft) 66-79, tbls. 4-6 (2003), available at http://www.
pestlaw.com/x/guide/2003/EPA-20030227B.pdf.
581 Id. at 67, tbl. 4.
59 Id. at 34.
60 Id. at35.
61 Robert Byrd, M.I.N.D. INST., REPORT TO THE LEGISLATURE ON THE PRINCIPLE FINDINGS
FROM THE EPIDEMIOLOGY OF AUTISM IN CALIFORNIA: A COMPREHENSIVE PILOT STUDY 2
(2002), available at http://www.dds.cahwnet.gov/autism/pdf/study-fmal.pdf; Suniti
Chakrabarti & Eric Fombonne, Pervasive Developmental Disorders in Preschool Children,
285 JAMA 3093, 3093 (2001); M. Yeargin-Allsopp et al., Prevalence of Autism in a US
Metropolitan Area, 289 JAMA 49, 49 (2003).
62 Eric London & Ruth A. Etzel, The Environment as an Etiologic Factor in Autism: a New
Direction for Research, 108 ENVTL. HEALTH PERSP. 401 (2000) (discussing potential
contribution of environmental exposures to autism).
63 Linda Robison et al., Is Attention Deficit Hyperactivity Disorder Increasing Among Girls
in the US? Trends in Diagnosis and the Prescribing of Stimulants, 16 CNS DRUGS 129
(2002) (noting increased prescriptions for ADHD). See generally Linda Robison et al.,
National Trends in the Prevalence of Attention-Deficit/Hyperactivity Disorder and the
Prescribing of Methylphenidate Among School-Age Children: 1990-1995, 38 CLINICAL
PEDIATRICS 209 (1999) (noting increased incidence of ADHD); Julie Zito et al., Trends in
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tors, including chemical exposures, are considered a potential cause or
contributor.'
Many pesticides cause neurotoxicity in laboratory animals and are
often implicated in neurodevelopmental disorders, but very few studies have
looked at autism or ADHD in the context of pesticide exposure. One study
reported an association between glyphosate, the active pesticide ingredient
in the herbicide Round-Up, and ADHD.65 Most of the studies that looked at
neurological status and environmental contaminants focused on polychlor-
inated biphenyls, lead, and methylmercury. Overall, these studies show that
exposure to these contaminants, even at low doses, may result in decreased
IQ and abnormal neurocognitive and motor development. 66
Numerous studies reported associations between occupational exposure
to pesticides and Parkinson's disease.67 Unfortunately, there has not been a
the Prescribing ofPsychotropic Medications to Preschoolers, 283 JAMA 1025, 1025 (2000)
(noting dramatic increase of prescription for psychotropic medications from 1991 to 1995).
"Ted Schettler, Toxic Threats to Neurologic Development ofChildren, 109 ENVTL. HEALTH
PERSP. 813, 813 (2001).
65 See generally Vincent Garry et al., Birth Defects, Season of Conception, and Sex of
Children Born to Pesticide Applicators Living in the Red River Valley ofMinnesota, USA,
110 ENVTL. HEALTH PERSP. 441 (2002) (finding glyphosate exposure is associated with
increased risk of neurobehavioral problems).
6 Global Assessment, supra note 28, at 3; COMM. ON THE TOXICOLOGICAL EFFECTS OF
METHYLMERCURY, NAT'L ACADEMY OF SCI., TOXICOLOGICAL EFFECTS OF METHYL-
MERCURY 4 (2000), available at http://books.nap.edu/books/0309071402/html/; Richard
Canfield et al., Intellectual Impairment in Children with Blood Lead Concentrations Below
10 Microgram per Deciliter, 348 NEw ENG. J. MED. 1517 (2003) (fimding negative
correlation between blood/lead and intelligence); Philippe Grandjean et al., Cognitive Deficit
in 7- Year-Old Children with Prenatal Exposure to Methylmercury, 19 NEUROTOXICOLOGY
TERATOLOGY 417,417 (1997); Joseph Jacobson & Sandra Jacobson, Intellectual Impairment
in Children Exposed to Polychlorinated Biphenyls in Utero, 335 NEw ENG. J. MED. 783, 783
(1996).
67 See Isabelle Baldi et al., Neurodegenerative Diseases and Exposure to Pesticides in the
Elderly, 157 AM. J. EPIDEMIOLOGY 409 (2003) (finding correlation between occupational
exposure to pesticides and increased risk of Parkinson's Disease); Donato Di Monte et al.,
Environmental Factors in Parkinson 's Disease, 23 NEUROTOXICOLOGY 487 (2002) (finding
that environmental factors like pesticides are sometimes associated with increased risk of
developing Parkinson's disease); Helen Petrovitch et al., Plantation Work and Risk of
Parkinson Disease in a Population-Based Longitudinal Study, 59 ARCHIVES-NEUROLOGY
1787 (2002) (finding exposure to pesticides is associated with increased risk of Parkinson's
disease); N. Vanacore et al., Evaluation of Risk of Parkinson "s Disease in a Cohort of
Licensed Pesticide Users, 23 NEUROLOGY SCI. 119 (2002) (studying pesticides and
Parkinson's disease).
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systematic tracking of Parkinson's disease that would allow for incidence
trend analysis in the general population. Again, pesticides are implicated in
the etiology of this disease because many have neurotoxic mechanisms of
action. Other pesticides that act by mechanisms other than neurotoxicity have
nevertheless been shown to cause neurotoxic effects in laboratory animals.
D. Reproductive and Developmental Disorders
1. Low Birth Weight
Low birth weight is increasingly recognized as a risk factor later in life
for insulin resistance, Type II diabetes, high blood pressure, and cardio-
vascular disease.6" Even if lower birth weight babies catch up in weight later,
the damage may already be done. A substantial number of studies found that
low birth weight followed by an accelerated growth rate during childhood is
a significant risk factor for high blood pressure, stroke, insulin resistance,
and glucose intolerance.69
Low doses of pesticide in the general population have been linked to
lower birth weight. DDE, a breakdown product of DDT, above fifteen parts
" See generally K. M. Godfrey & D. J. Barker, FetalProgramming andAdult Health, 4 PUB.
HEALTH NUTRICIAN 611 (2001) (showing that fetal growth impacts adult health); C. Nicholas
Hales & David J.P. Barker, The Thrifty Phenotype Hypothesis, 60 BRrr. MED. BULL. 5, 5
(2001) (discussing relationships between diabetes and poor nutrition early in life).
69 See generally Johan Eriksson et al., Catch-up Growth in Childhood and Death from
Coronary Heart Disease: Longitudinal Study, 318 BMJ 427 (1999) (finding that coronary
heart deaths in adulthood were associated with low birth weight); Johan Eriksson et al., Early
Childhood Growth and Coronary Heart Disease in Later Life, 322 BMJ 949 (2002); Johan
Eriksson et al., Early Growth, Adult Income, and Risk of Stroke, 31 STROKE 869 (2000)
(finding that low birth weight followed by a "catch-up" period is associated with increased
risk of stroke in adulthood); Johan Eriksson et al., Effects of Size at Birth and Childhood
Growth on the Insulin Resistance Syndrome in Elderly Individuals, 45 DIABETOLOGIA 342
(2002) (finding that low birth weight is associated with insulin resistance later in life); Johan
Eriksson et al., Fetal and Childhood Growth and Hypertension in Adult Life, 36 HYPER-
TENSION 790 (2000) (finding association between low birth weight and hypertension in
adulthood); Tom Forsen et al., The Fetal and Childhood Growth of Persons who Develop
Type 2 Diabetes, 133 ANNALS INTERNAL MED. 176 (2000) (finding that low birth weight
followed by childhood catch-up weight is associated with increased incidence of Type 2
diabetes later in life); Ken K. Ong & David B. Dunger, Perinatal Growth Failure: The Road
to Obesity, Insulin Resistance and Cardiovascular Disease in Adults, 16 BEST PRACTICE RES.
CLINICAL ENDOCRINOLOGY METABOLISM 191 (2002) (discussing the linkage of several
adulthood diseases with low birthweight).
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per billion in maternal blood is associated with preterm birth and low birth
weight, after correcting for gestational age. Another recent study found that
higher levels of DDE in breast milk correlated with lower birth weight.7"
Using the associations derived from tests of archived samples from a pool of
forty-two thousand women, researchers estimate that DDT exposures may
have accounted for up to fifteen percent of infant deaths during the 1960s.
Chlorpyrifos, an organophosphoric insecticide used in residential settings
until its phase out in 2001, when found above eight parts per trillion in the
blood of non-smoking women was strongly associated with decreased birth
weight and body length in babies of African American women in New York
City.7' Hexachlorobenzene, an organochlorine insecticide, is also associated
with low birth weight after adjusting for gestational age among infants born
prematurely. 7
2
2. Declining Sperm Count and Infertility
An analysis of 101 studies from 1934 to 1996 by Doctor Shanna Swan
of the University of Missouri confirmed results of a previous meta-analysis.
Average sperm counts in industrialized countries appear to be declining at a
rate of about 1.5% per year in the United States and three percent per year in
Europe.73
Interpreting trends in sperm counts is complicated by geographic and
temporal variations. The historical studies reviewed by Swan and her co-
authors used a variety of methods for collecting and measuring sperm quan-
tity or quality, further complicating interpretation of the data.74 Nevertheless,
in light of the suggestive findings gleaned from existing studies, scientists
from around the world have organized an effort to establish standardized,
70 Matthew P. Longnecker et al., Association Between Maternal Serum Concentration of the
DDT Metabolite DDE and Preterm and Small-for-Gestational-Age Babies at Birth, 358
LANCET 110, 113 (2001).
" Frederica P. Perera et al., Effects of Transplacental Exposure to Environmental Pollutants
on Birth Outcomes in a Multiethnic Population, 111 ENVTL. HEALTH PERSP. 201 (2003)
(finding that pesticide exposure is associated with lower birth weight of babies among
minority populations in New York city).
72 See Nuria Ribas-Fito et al., Association ofHexachlorobenzene and other Organochlorine
Compounds with Anthropometric Measures at Birth, 52 PEDIATRIC REs. 163, 163 (2002).
13 Shanna H. Swan et al., The Question of Declining Sperm Density Revisited: An Analysis
of 101 Studies Published 1934-1996, 108 ENVTL. HEALTH PERSP. 961, 961 (2000).
74 Id. at 964.
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baseline data on sperm counts in the United States; Copenhagen, Denmark;
Paris, France; Edinburgh, Scotland; and Turku, Finland. 75 Four cities are
included in the United States analysis: Columbia, Missouri; New York, New
York; Minneapolis, Minnesota; and Los Angeles, California.76 To improve
the ability of scientists to interpret the data, participating labs are using iden-
tical study and analytical methods and are surveying populations of men
similar in lifestyle and socioeconomic background to create data comparable
among the various participating countries.77
In the first reported European results from this study, men in Turku had
the highest winter sperm concentrations (132 million/ml), followed by Edin-
burgh (119 million/ml), Paris (103 million/ml), and Copenhagen (98 million/
ml). 78
The first report on United States' sperm concentration shows
considerable variation. Men in Columbia, Missouri possess significantly
lower sperm counts (58.7 million/ml) than men in New York (102.9 million/
ml), Minneapolis (98.6 million/ml), and Los Angeles (80.8 million/ml). 79 The
authors suggest that widespread use of herbicides in Missouri may contribute
to the low sperm counts.8" For example, the herbicide atrazine is widely de-
tected in drinking water in the Midwest and has been shown to cause severe
reproductive damage to frogs at levels thirty times lower than EPA's "safe"
drinking water level.8
While the data are certainly not unambiguous, several studies found
links between pesticide exposure and decreased sperm quantity. A pilot study
of twenty-nine men visiting the Massachusetts General Hospital Andrology
Laboratory found a relationship between increased body burden of PCBs and
p,p-DDE (a breakdown product of DDT) and lower sperm concentration.82
" See Niels Jorgensen et al., Regional Differences in Semen Quality in Europe, 16 HUMAN
REPROD. 1012, 1012 (2001).
76 Swan et al., Geographic Differences in Semen Quality of Fertile U.S. Males, 111 ENVTL.
HEALTH PERSP. 414, 414 (2003).
" See generally id. (noting that this study is first to compare semen quality using
standardized methods).
" Jorgensen et al., supra note 75, at 1016, tbl. V.
79 Swan et al., supra note 76, at 414.
80 Id. at 414.
"I Tyrone B. Hayes et al., Hermaphroditic, Demasculinized Frogs after Exposure to the
Herbicide Atrazine at Low Ecologically Relevant Doses, 99 PROC. NAT'L ACAD. SCI. 5476,
5479 (2002).
82 Russ Hauser et al., Environmental Organochlorines and Semen Quality: Results of a Pilot
Study, 110 ENVTL. HEALTH PERSP. 229, 229 (2002).
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Another study of agricultural workers in Mexico found a significant assoc-
iation between organophosphate metabolite concentrations and increased
frequency of genetic abnormalities, sex null aneuploidy, in sperm.83 Other
studies also found an association between agricultural or occupational
exposure to pesticides and decreased sperm quantity.8 4 On the other hand, a
study of organic and conventional Danish farmers did not find a significant
difference in sperm between the two groups. 8' The herbicide 2,4-D can be
detected in about fifty percent of semen samples from farmers in Ontario,
Canada. 6 This finding is potentially troubling because another study showed
that subchronic exposure to 2,4-D in dogs causes decreased sperm pro-
duction.87
The incidence of infertility is extremely difficult to measure, but a
measure called "time to pregnancy" ("TTP") does seem to differ across parts
of Europe, which is where most data has been collected.88 For example, TTP
is longer for women in Paris, France, compared to women in Copenhagen,
Denmark; Edinburgh, Scotland; and Turku, Finland. Some, but not all, stud-
ies found an association between pesticide exposure, typically agricultural or
occupational, and increased TTP.89
83 Rogelio Recio et al., Organophosphorous Pesticide Exposure Increases the Frequency of
Sperm Sex Null Aneuploidy, 109 ENvTL. HEALTH PERSP. 1237 (2001).
4 See generally Annette Abell et al., Semen Quality and Sexual Hormones in Greenhouse
Workers, 26 SCANDANAVIAN J. WORK, ENV'T & HEALTH 492 (2000) (explaining how
pesticides may harm male fecundity); John R. Goldsmith, Dibromochloropropane:
Epidemiological Findings and Current Questions, 837 ANNALS N.Y. ACAD. SCI. 300 (1997)
(citing a multitude of reproductive harms associated with DBCP); Alejandro Oliva et al.,
Contribution of Environmental Factors to the Risk of Male Infertility, 16 HUMAN
REPRODUCTION 1768 (2001) (finding that pesticides affect fertility); Chantana Padungtod et
al., Occupational Pesticide Exposure and Semen Quality among Chinese Workers, 42 J.
OCCUPATIONAL ENVTL. MED. 982 (2000) (finding that occupational exposure to two
pesticides has a "moderately adverse effect on semen quality"); Morley Slutsky et al.,
Azoospermia and Oligospermia among a Large Cohort of DBCP Applicators in 12
Countries, 5 INT'L J. OCCUPATIONAL ENVTL. HEALTH 116 (1999) (finding pesticides
association with DBCP and poor sperm quality).
85 See Solveig B. Larsen et al., Semen Quality and Sex Hormones among Organic and
Traditional Danish Farmers: ASCLEPIOS Study Group, 56 OCCUPATIONAL& ENVTL. MED.
139 (1999) (finding no statistical difference between organic and conventional farmers).
86 Tye E. Arbuckle et al., 2,4-Dichlorophenoxyacetic Acid Residues in Semen of Ontario
Farmers, 13 REPRODUCTIVE TOXICoLOGY 421, 421 (1999).
87 MED. TOXICOLOGY BRANCH, CAL. DEP'T OF PESTICIDE REG., 2,4-D: SUMMARY OF
TOXICOLOGY DATA 6 (2003), at http://www.cdpr.ca.gov/docs/toxsuns/ toxsumlist.htm.
88 Global Assessment, supra note 28, at 57.
89 Id. at 57-58.
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3. Hypospadias and Cryptorchidism
Data from the Centers for Disease Control and Prevention show that
rates of hypospadias in the United States began climbing in about 1970, and
continued to increase through the 1980s. This condition is a physical de-
formity of the penis in which the opening of the urethra occurs on the shaft
of penis instead of the tip. Currently the occurrence of hypospadias appears
to be stable, at about one in one hundred and twenty-five male births.9"
Cryptorchidism, or undescended testicle, a birth defect where testicles
fail to completely descend into the scrotum during pregnancy, occurs in two
to five percent of full-term boys in Western countries. Rates of the defect
increased greatly in the United States in the 1970s and 1980s. Men born with
this defect are at higher risk for testicular cancer and breast cancer.9' The
incidence of cryptorchidism and testicular cancer appear to be rising in
certain parts of the world.92
Several studies in humans reported an association between pesticide
exposure and male reproductive tract birth defects, such as hypospadias or
cryptorchidism. Cohorts included people living in areas of heavy farming,
children born on farms or children of people with occupational exposure to
pesticides.93 Another study found higher levels of the organochlorine pes-
90 See generally Leonard J. Paulozzi, International Trends in Rates of Hypospadias and
Cryptorchidism, 107 ENVTL. HEALTH PERSP. 297 (1999) (noting increased rates of hypo-
spadias).
9' See generally id.; Leonard J. Paulozzi et al., Hypospadias Trends in Two US Surveillance
Systems, 100 PEDIATRICS 831 (1997) (noting approximate doubling of rates in the 1970s and
1980s).
92 Reinhold Bergstrom et al., Increase in Testicular Cancer Incidence in Six European
Countries: A Birth Cohort Phenomenon, 88 J. NAT'L CANCER INST. 727, 727 (1996). See
generally J.M. McKiernan et al., Rising Risk of Testicular Cancer by Birth Cohort in the
United States from 1973 to 1995, 162 J. UROLOGY, 361 (1999) (finding increase in risk of
developing testicular cancer); Jorma Toppari et al., Male Reproductive Health and
EnvironmentalXenoestrogens, 104 ENvTL. HEALTH PERSP. 741 (1996) (discussing the trends
in male reproductive health and environmental chemicals).
" See generally Jose Garcia-Rodriguez et al., Exposure to Pesticides and Cryptorchidism:
Geographical Evidence of a Possible Association, 104 ENVTL. HEALTH PERSP. 1090 (1996)
(finding higher rates of problems in fanning areas); Vincent F. Garry et al., Pesticide
Appliers, Biocides, and Birth Defects in Rural Minnesota, 104 ENVTL. HEALTH PERSP. 394
(1996) (studying farmer's children's birth defect rates in Minnesota); Petter Kristensen et al.,
Birth Defects Among Offspring of Norwegian Farmers, 1967-1991, 8 EPIDEMIOLOGY 537
(1997) (studying birth defects among the children of Norweigan farmers); Margarita
Restrepo, Birth Defects Among Children Born to a Population Occupationally Exposed to
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ticides hexachlorobenzene and heptachlor epoxide, a breakdown product of
heptachlor, in boys with cryptorchidism.94
A study published in December 2003 compared prevalence of testicular
birth defects in male children and adolescents with exposure to endosulfan,
by virtue of living near cashew plantations, with children who did not have
such exposure. Although the researchers did not find striking differences in
testicular abnormalities, they did not find that exposed boys were more likely
to enter puberty later.
95
E. Pesticides in Americans
In 2003, the Centers for Disease Control and Prevention ("CDC") issued
their Second National Report on Human Exposure to Environmental
Chemicals.96 The National Report summarizes measurements of numerous
pesticide and pesticide metabolites, including organophosphate ("OP"),
carbamate, organo-chlorine ("OC"), atrazine, alachlor, and several herbi-
cides, found in the blood or urine of a representative sample of Americans.
CDC breaks this data down by age, specifically children, adolescents, and
adults; gender; and ethnicity, specifically Mexican Americans, non-Hispanic
blacks, and non-Hispanic whites. CDC plans on adding additional pesticides
to future reports.
While acceptable body burdens of many of these pesticides in blood or
urine have not been established, CDC data will help establish normal ranges
of pesticides in people. In general, CDC found organophosphate pesticides
at higher levels in children or adolescents compared to adults. The majority
of organochlorine pesticides, most of which are banned, are found at higher
levels in adults or not detected in the vast majority of people.97
Pesticides in Colombia, 16 SCANDANAVIAN J. WORK, ENv'T. & HEALTH 239 (1990)
(studying reproductive outcomes in Columbian agriculture); Ida Sloth Weidner et al.,
Cryptorchidism and Hypospadias in Sons of Gardeners and Farmers, 106 ENVTL. HEALTH
PERSP. 793 (1998) (looking at birth defects in Denmark).
" S. Hosie et al., Is There a Correlation Between Organochlorine Compounds and
Undescended Testes?, 10 EUR. J. PEDIATRIC SURGERY 304 (2000) (finding correlation
between undescended testes and heptacloroepoxide and hexachlorobenzene).
" H. Saiyed et al., Effect of Endosulfan on Male Reproductive Development, 111 ENVTL.
HEALTH PERSP. 1958, 1960 (2003) (finding that endosulfan exposure is associated with
delayed sexual maturation in boys).
96 CTR. FOR DISEASE CONTROL, PUB. No. 03-0022, SECOND NATIONAL REPORT ON HUMAN
EXPOSURE TO ENVIRONMENTAL CHEMICALS (2003), available at http://www.cdc.gov/
exposurereport/.
" The following pesticides or metabolites were higher in children: dimethylphosphate
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F. Prospective Comprehensive Study ofPesticides and Human Health: The
Agricultural Health Study
In an effort to better understand the health of agricultural families,
several government agencies have undertaken a study of over eighty-nine
thousand individuals from farm families in Iowa and North Carolina, called
the Agricultural Health Study ("AHS"). The National Institutes of Health,
represented by of the National Cancer Institute and the National Institute of
Environmental Health Sciences, and EPA are sponsoring the study, which
began in 1994. AHS participants are limited to registered pesticide appli-
cators and their immediate families, which means that many farm workers
with potentially high pesticide exposures are not included. Nevertheless,
AHS promises to provide critical information on pesticides and human
health.
After several years of recruiting and collecting extensive information on
individuals, AHS is starting to yield interesting data on health status in farm
families. Much of the data is based on questionnaires, but AHS collected
urine samples for more accurate quantification of pesticide exposure.98 Early
results show that pesticide applicators with retinal degeneration are more
(general OP metabolite); dimethylthiophosphate (general OP metabolite);
dimethyldithiophosphate (general OP metabolite); diethylphosphate (general OP metabolite);
diethylthiophosphate (general OP metabolite, not corrected for creatinine);
diethyldithiophosphate (general OP metabolite, corrected for creatinine); malathion
dicarboxylic acid (malathion metabolite); 3,5,6-trichloro-2-pyridinol (chlorpyrifos
metabolite); pentachlorophenol (OC pesticide); 2,4,6-trichlorophenol (OC metabolite); 2,4-
dichlorphenoxyacetic acid or 2,4-D (herbicide); and 2,4-dichlorophenol (metabolite of 2,4-
D).
The following are not different or higher in adults: para-nitrophenol (parathion and
other pesticide metabolite); beta-hexachlorcyclohexane (OC pesticide); p,p-DDT (OC
pesticide); p,p-DDE (DDT metabolite); oxychlordane (OC chlordane metabolite); trans-
nonachlor (OC pesticide); heptachlor epoxide (OC heptachlor metabolite); 2,4,5-
trichlorophenol (OC metabolite); 1-naphthol (carbaryl and other carbamate pesticide
metabolite); and carbofuranphenol (carbamate pesticide metabolite).
The following are below the level of detection: 2-isopropyl-4-methyl-6-
hydroxypyrimidine (diazinon metabolite); hexachlorbenzene; gamma-
hexachlorocyclohexane (lindane); o,p-DDT, mirex, 2-isopropoxyphenol (carbamate
metabolite); 2,4,5-trichlorophenoxyacetic acid or 2,4,5-T (herbicide); atrazine mercapturate
(atrazine metabolite); and alachlor mercapturate (alachlor metabolite). See generally id.
(providing statistics by age group for all of these chemicals).




likely to have orchards and report fungicide use.99 Another study found
wheeze in farmers was associated with the pesticides paraquate, EPTC,
parathion, malathion, chlorpyrifos, atrazine and alachlor.'" The most recent
study on AHS farmers reports increased risk of prostate cancer in registered
pesticide applicant farmers, compared to the general population, who re-
ported high uses of methyl bromide and several chlorinated pesticides.'
In addition to these studies, the AHS collects and analyzes many other
health data samples. This data will include information on: cancer incidence,
cause of death, asthma and respiratory disease, neurogical symptoms (in-
cluding Parkinson's disease), visual function (including macular degen-
eration), thyroid disease, immune function and autoimmune disease, such as
rheumatoid arthritis, kidney function, diabetes, age at menopause and
menstrual cycle characteristics, sex ratio in children, risk of birth defects,
premature birth or spontaneous abortion, birth weight, onset of puberty and
growth in children.'0 2
III. THE FOOD QUALITY PROTECTION ACT OF 1996
A. Policy and Scientific Climate Pre-FQPA
1. National Academy Report: Pesticides in the Diets of Infants and
Children (1993)
The seminal National Academy of Sciences ("NAS") report, Pesticides
in the Diets of Infants and Children, was initiated in 1988 when Congress
commissioned NAS to convene a committee to study the vulnerability of
infants and children to pesticide residues on food. 3 Congress charged the
committee with determining whether current regulatory approaches were
sufficient to protect children as their susceptibility to pesticides may differ
from adults.
"9 See generally F. Kamel et al., Retinal Degeneration in Licensed Pesticide Applicators, 37
AM. J. INDUS. MED. 618 (2000) (finding increase in retinal degeneration among pesticide
applicators).
" See generally Jane A. Hoppin et al., Chemical Predictors of Wheeze Among Farmer
Pesticide Applicators in the Agricultural Health Study, 165 AM. J. RESPIRATORY CRITICAL
CARE MED. 683 (2002) (finding high number of farmers with wheezing problems).
'10 Alavanja et al., supra note 36, at 806.
102 Agric. Health Study, Orientation Document, at http://www.aghealth.org/facts.html (last
visited Nov. 7, 2003).
103 NAT'L ACAD. OF SCI., PESTICIDES IN THE DIETS OF INFANTS AND CHILDREN 2 (1993).
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Scientists on the committee found that children differ qualitatively and
quantitatively from adults with respect to both exposures and biological
(toxicological) response to pesticides. 104 Pound for pound, children eat, drink,
and breathe more than adults. Children also tend to have a less diverse diet,
eating more of certain types of foods, especially processed foods, compared
to adults.' 5 This means that food consumption data based on averages may
underestimate children's exposures to certain pesticides. 106 For example, the
consumption of applejuice in non-nursing infants is over eleven times higher
than the average consumption when all age groups are considered together.'0 7
Children can also have a different toxicological response to pes-
ticides-increased or decreased---compared to adults. Fetal life, infancy and
childhood are a time of rapid growth, and many systems can be permanently
altered by developmental exposures.' °8 For example, early-life exposure to
lead and mercury in people are known to cause permanent impairment of
intellectual development."9 In addition, many biochemical and physiological
responses are immature during development, potentially leading to differ-
ences in absorption, metabolism, detoxification, and excretion ofpesticides."°
A recent comparison of the half-lives, a measure of how fast a chemical
leaves the body, for forty-five different pharmaceuticals in neonates and
adults found that, on average, it takes neonates three to nine times longer to
eliminate half of an administered dose than an adult, depending on the
primary elimination pathway for that chemical (such as CYP or P450,
glucuronidation, renal, other non-CYP elimination pathways)."1 Approx-
imately seven percent (six of eighty-five) of one-week (less than seven days)
to two-month old babies had an elimination half-life more than ten times
longer than the adult average level." 2 Less than one percent (one of eighty-
'°Id. at3.




0 7 Id. at 193.1
'
0 Id. at 4.
109 NAT'L ACAD. OF SCI., supra note 103, at 23-24.
"0 Judy Mann, Chemicals and the Developing Brain (June 14, 2000), at http://www.chem.
unep.ch/pops/POPsInc/press-releases/pressrel-0 1/pr02.htm.
.. G. Ginsberg et al., Evaluation of Child/Adult Pharmacokinetic Differences from a
Database Derived from the Therapeutic Drug Literature, 66 TOXICOLOGICAL SCI. 185, 187
(2002), available at http://www.toxsci.oupjoumals.org.
... D. Hattis et al., Differences in Pharmacokinetics Between Children and Adults-Il.
Children's Variability in Drug Elimination Half-Lives and in Some Parameters Needed for
Physiologically-Based Pharmacokinetic Modeling, 23 RISK ANALYSIS 117 (2003).
[Vol. 28:257278
PESTICIDES
five) of the one-week to two-month old infants eliminated chemicals faster
than the average adult. 3 This means that, in general, babies retain chemicals
in their bodies longer than adults.
The NAS committee recommended that EPA change how it determines
pesticide tolerances." 4 First, they recommended that EPA determine
pesticide tolerances based on health considerations rather than agricultural
cost-benefit analysis." 5 Second, they recommended that EPA continue to
develop toxicity studies that evaluate the vulnerability of infants and
children, especially with respect to neurological, immune, and reproductive
function. 6 Third, they advised EPA to add a ten-fold uncertainty, also called
a safety factor, when data indicate early life vulnerability or when data are
inadequate to evaluate toxicological risk or pesticide exposure in infants and
children." 7 The NAS committee also recommended that additional data on
food consumption patterns in infants and children be collected and peri-
odically updated, and that more systematic approaches be used to measure
and report pesticide residues on food."' Finally, the NAS committee recom-
mended that EPA simultaneously consider risks from pesticides that have the
same mechanism of toxicity and include exposure data from all routes of
exposure: food, water, air, and home exposures.' 
19
2. Policy and Scientific Climate Pre-FQPA; Endocrine Disruption
(1992-1996)
Around the time of the NAS meetings, a group of scientists with ex-
pertise in ecology, wildlife biology, immunology, molecular and cellular
biology, reproductive biology, psychology, and epidemiology met in Racine,
Wisconsin to discuss the emerging problem of environmental contaminants
that interfere with normal hormone action, which they termed "endocrine
disruptors."'"2 The result of this meeting was a book entitled Chemically
113 Id.
114 NAT'L ACAD. OF SCI., supra note 103, at 7.
.. Id. at 8.
"' Id. at9.
117 Id.
... Id. at 10.
"
9 Id. at 10-11.
20 An endocrine disruptor is an exogenous agent that interferes with the production, release,
transport, metabolism, binding action, and/or the elimination of hormones in the body that
are responsible for the maintenance of homeostasis and the regulation of develop-
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Induced Alterations in Sexual and Functional Development: The Wildlife!
Human Connection.2 ' The purpose of the meeting was to review the science
relative to the title of the book, and reach conclusions about the implications
of the wildlife, human, and laboratory evidence that synthetic chemicals can
interfere with the endocrine system. In the consensus statement resulting
from this meeting, participants were certain of the following:
[a.] A large number of man-made chemicals that have been
released in the environment, as well as a few natural
ones, have the potential to disrupt the endocrine system
of animals, including humans. Among these are per-
sistent, bioaccumulative, organohalogen compounds that
include some pesticides (fungicides, herbicides, and
insecticides) and industrial chemicals, other synthetic
products, and some metals.
[b.] Many wildlife populations are already affected by these
compounds. The impacts include thyroid dysfunction in
birds and fish; decreased fertility in birds, fish, shellfish,
and mammals; decreased hatchling success in birds, fish,
and turtles; gross birth deformities in birds, fish, and
turtles; metabolic abnormalities in birds, fish, and mam-
mals; behavioral abnormalities in birds, demasculini-
zation and feminization of male fish, birds and mam-
mals; defeminization and masculinization of female fish
and birds; and compromised immune systems in birds
and mammals.
[c.] The patterns of effects vary among species and among
compounds. Four general points can nonetheless be
made: (1) the chemicals of concern may have entirely
different effects on the embryo, fetus, or perinatal organ-
ism than on the adult; (2) the effects are most often
manifested in offspring, not in the exposed parent; (3)
the timing of exposure in the developing organism is
mental processes. THOMAS CRISP ET AL., ENVTL. PROT. AGENCY, PUB No. EPA/630/R-
96/012, SPECIAL REPORTS ON ENVIRONMENTAL ENDOCRINE DISRUPTION: AN EFFECTS
ASSESSMENT AND ANALYSIS 3 (1997), available at http://www.epa.gov/ORD/
WebPubs/endocrine/endocrine.pdf.
121 CHEMICALLY-INDUCED ALTERATIONS IN SEXUAL AND FUNCTIONAL DEVELOPMENT: THE
WILDLIFE/HUMAN CONNECTION (Theo Colborn & Coralie Clement eds., 1992).
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crucial in determining its character and future potential;
and (4) although critical exposure occurs during em-
bryonic development, obvious manifestations may not
occur until maturity.
[d.] Laboratory studies corroborate the abnormal sexual
development observed in the field and provide bio-
logical manifestations to explain the observations in
wildlife.
[e.] Humans have been affected by compounds of this
nature, too. The effects of DES (diethylstilbestrol), a
synthetic therapeutic agent, like many of the compounds
mentioned above, are estrogenic. Daughters born to
mothers who took DES now suffer increased rates of
vaginal clear cell adenocarcinoma, various genital tract
abnormalities, abnormal pregnancies, and some changes
in immune responses. Both sons and daughters exposed
in utero experience congenital anomalies of their
reproductive system and reduced fertility. The effects
seen in in utero DES-exposed humans parallel those
found in contaminated wildlife and laboratory animals,
suggesting that humans may be at risk to the same
environmental hazards as wildlife. 22
Since the publication of Chemically Induced Alterations in Sexual and
Functional Development: The Wildlife/Human Connection, and a book writ-
ten for the general public, entitled Our Stolen Future: Are We Threatening
Our Fertility, Intelligence, and Survival?-A Scientific Detective Story,123
scientists from a range of disciplines have become increasingly knowl-
edgeable and concerned about the health effects of chemicals that have
endocrine disrupting potential. The most recent international review of
endocrine disruption, in 2002, by the International Programme on Chemical
Safety ("IPCS") in the World Health Organization ("WHO"), concluded that:
'22 The Statement of Consensus, in CHEMICALLY-INDUCED ALTERATIONS IN SEXUAL AND
FUNCTIONAL DEVELOPMENT, supra note 121, at 1-2 (citations omitted).
23 THEO COLBORN ET AL., OUR STOLEN FUTURE: ARE WE THREATENING OUR FERTILITY,
INTELLIGENCE, AND SURVIVAL?-A SCIENTIFIC DETECTIVE STORY (1996) (picking up the
story from Rachel Carson's Silent Spring, examining scientific evidence linking pesticides
to abnormal sexual development in humans).
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Overall, the biological plausibility of possible damage to
certain human functions (particularly, reproductive and devel-
oping systems) from exposure to EDCs seems strong when
viewed against the background of known influences of endo-
genous and exogenous hormones on many of these processes.
Furthermore, the evidence of adverse outcomes in wildlife
and laboratory animals exposed to EDCs substantiates human
concerns. The changes in human health trends in some areas
(for some outcomes) are also sufficient to warrant concern
and make this area a high research priority, but non-EDC
mechanisms also need to be explored.124
The significant scientific and public concern for endocrine disruption in the
early and mid-1990s resulted in mandated changes in how EPA assesses
pesticide safety under a new law covering pesticide regulation, FQPA.
B. Food Quality Protection Act (1996)
Responding to the NAS committee recommendations, Congress
unanimously passed the FQPA in August of 1996. 25 Under the Federal Food,
Drug, and Cosmetic Act ("FFDCA"), as amended by FQPA, EPA must
reassess existing legal limits, called tolerances, for pesticide residues in food
to ensure that they meet a stricter new safety standard. 12 6 Pesticide registrants
supported FQPA because it eliminated the Delaney Clause, 7 an outright
restriction of the use of carcinogenic pesticides on food.
124 Id. at 1-7, 1-8 (quoting INT'L PROGRAMME ON CHEM. SAFETY, GLOBAL ASSESSMENT OF
THE STATE-OF-THE-SCIENCE OF ENDOCRINE DISRUPTORS, chpt. 1-7 (Terri Damstra et al eds.,
2002), available at http://ehp.niehs.nih.gov/who/).
125 Envtl. Prot. Agency, The Food Quality Protection Act Background, at http://www.epa.
gov/oppfeadl/fqpa/backgrnd.htm (last visited Nov. 7, 2003).
26 21 U.S.C. § 346a(a)(1) (2000).
17 Section 409 of FFDCA contains the Delaney Clause, a 1958 food safety provision that
prohibits an additive in processed food if it can be found to induce cancer in experimental
animals. 21 U.S.C. § 348(c)(3)(A) (1994). Pesticide residues in processed foods are
considered additives. This means that if any dose of a pesticide, regardless of how large,
causes a tumor when fed to laboratory animals that no amount of the pesticide would be
allowed in the food. Any tumor is considered to be cancer for the purposes of the Delaney
Clause. Id. There is no allowance for even a tiny bit of that additive or pesticide, regardless
of how negligible or small the expected risk of cancer, and regardless of how small of an
[Vol. 28:257282
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This new health-based safety standard for pesticide residues in all foods
replaced the older risk-benefit approach that allowed pesticides on the market
unless it could be shown that their risk outweighed their benefits. In
particular, now EPA may only establish a tolerance for a pesticide chemical
residue in or on a food if EPA determines that the tolerance is safe. 2 ' A
tolerance meets this requirement only if "there is a reasonable certainty that
no harm will result from aggregate exposure to the pesticide chemical
residue, including all anticipated dietary exposures and all other exposures
for which there is reliable information."'' 29
The health protective standard of FQPA requires EPA to give special
consideration to the health of infants and children, and EPA must "ensure
that there is a reasonable certainty that no harm will result to infants and
children from aggregate exposure to the pesticide chemical residue....""'
This explicit consideration of children's disproportionate sensitivity and
exposure to pesticide chemicals includes an additional default ten-fold safety
factor, the FQPA safety factor, to account for known vulnerabilities or
uncertainty in data relevant to infants and children.
When making the reasonable certainty of no harm assessment, the
FPQA directs EPA to "use an additional tenfold margin of safety in assessing
the risks to infants and children to take into account potential for pre- and
postnatal toxicity and the completeness of the toxicology and exposure
databases." EPA can deviate from the ten-fold margin of safety "only if,
based on reliable data, the resulting margin would be safe for infants and
children." ''
FQPA has several other key provisions that have also changed the way
EPA sets pesticide tolerances. First, EPA must conduct a combined or
cumulative risk assessment ("CRA") for pesticides that share the same
mechanism of toxicity.'32 Second, EPA must consider all non-occupational
sources of exposure, including food, drinking water, and residential ex-
posures, when evaluating pesticide safety."'
amount can be detected with sophisticated equipment and methods. Id. For these reasons,
the Delaney Clause has been known as a zero-risk standard-no risk at all is tolerated.
i28 21 U.S.C. § 346a(b)(2)(A)(i) (2000).
129 21 U.S.C. § 346a(b)(2)(A)(ii).
30 21 U.S.C. § 346a(b)(2)(C)(ii)(I).
13' APPROPRIATE FQPA SAFETY FACTOR, supra note 12, at 4 (discussing 21 U.S.C. §
346a(b)(ii)) (emphasis added).
,32 1 U.S.C. § 346a(b)(2)(C)(i)(II1) (2000).
... 21 U.S.C. § 346a(b)(2)(D)(vi) (2000).
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Third, FQPA mandates that EPA develop a program to test for
endocrine disrupting effects, stating that EPA must "develop a screening
program, using appropriate validated test systems and other scientifically
relevant information, to determine whether certain substances may have an
effect in humans that is similar to an effect produced by a naturally occurring
estrogen, or such other endocrine effect as the Administrator may desig-
nate."' 4 The endocrine screening program was to be implemented by 1999.
EPA, however, is still years away from implementing an endocrine screening
and testing program. Currently, scientists and policy makers are still deciding
what specific screens and assays are best for detecting endocrine-mediated
toxicity.'35
IV. FQPA: PRACTICE OF THE LAW
A. Assessing Children's Health
1. Core Toxicology Data Sets: The Prenatal Developmental and Rat
Reproduction Studies
The battery of toxicity tests available to EPA when evaluating the safety
of a pesticide are generally not sufficient for drawing conclusions about the
potential for pesticides to contribute to many of the diseases and health
conditions on the rise in people and of concern among children. Although
FQPA calls for more stringent pre-market safety testing for pesticides when
the Endocrine Disruptor Screening and Testing Program is eventually
implemented, even these tests likely will not adequately assess some health
effects of concern, such as immune system toxicity.
Three regulatory toxicity test guidelines are used to assess the
equivalence of children's health issues in laboratory animals for food use
pesticides: the prenatal developmental or teratology toxicity; the two-gener-
ation rat reproduction or multigenerational study; and the developmental
neurotoxicity study.'36 Only two of these, the prenatal developmental toxicity
and two-generation rat reproduction study, are required as core toxicology
,14 21 U.S.C. § 346a(p)(1) (2000).
' See, e.g., Envtl. Prot. Agency, Endocrine Disruptor Methods Validation Subcomm.:
Proposed Agenda for August 18-20, 2003, at http://www.epa.gov/scipoly/oscpendo/
meetings/2003/august/agenda.htm.
136 Toxicology Data Requirements, 40 C.F.R. § 158.340 (2002).
[Vol. 28:257284
PESTICIDES
studies for all food-use pesticides'37 under 40 C.F.R. Section 158.340
implementing the Federal Insecticide, Fungicide and Rodenticide Act
("FIFRA"). 38 The developmental neurotoxicity study is not required for all
food use pesticides, but EPA can request it if concern for abnormal brain
development is raised for a pesticide or class of pesticides.' 39 For example,
EPA requested that pesticide registrants submit developmental neurotoxicity
studies for all organophosphate and carbamate pesticides because they
operate via a neurotoxic mechanism of action (cholinesterase inhibition).
Unfortunately, neither of the studies routinely required for food use
pesticides, the prenatal developmental toxicity and two-generation
reproduction study, evaluate endpoints that are relevant to the types of
disorders that may be increasing in children, such as asthma, immune
disorders, autism, and ADHD. For example, the prenatal developmental
toxicity study does not evaluate postnatal toxicity."4 Pregnant rats and
rabbits are dosed with a pesticide from fertilization or implantation until one
day prior to the expected date of delivery when the fetal rats and rabbits are
delivered via cesarean section. Specific endpoints assessed in fetuses include
numbers and percent live offspring, sex ratio, body weight, and skeletal or
soft-tissue malformations. 141 Because the study is truncated at birth, there is
no assessment of post-natal function that could give potential insight into the
major health concerns of children.
The rat reproduction study assesses post-natal development, but still
does little to address non-reproductive functional toxicity in developmentally
exposed animals.142 In this study, both parental male and female rats, the P
""A food use pesticide is used in or on food.
138 Toxicology Data Requirments, 40 C.F.R. § 158.340 (2002); see also 40 C.F.R. § § 158.50,
158.100-158.102.
"" Susan Makris et al., A RETROSPECTIVE ANALYSIS OF TWELVE DEVELOPMENTAL
NEUROTOXICITY STUDIES SUBMITTED TO USEPA OFFICE OF PREVENTION, PESTICIDES AND
Toxic SUBSTANCES (OPPTS) 1, 20 (1998), available at http://www.epa.gov/scipoly/sap/
1998/december/neuro.pdf.
4' OFFICE OF PREVENTION, PESTICIDES & TOXIC SUBSTANCES (OPPTS), ENVTL. PROT.
AGENCY, PUB. NO. 712-C-98-207, HEALTH EFFECT TEST GUIDELINES OPPTS 870.3700:
PRENATAL DEVELOPMENTAL TOXICITY STUDY 1 (1998) (referring the reader to separate test
guidelines for a two generation reproductive toxicity study and a developmental
neurotoxicity study), available at http://www.epa.gov/opptsfrs/OPPTSHarmonized/
870_Health EffectsTestGuidelines/Series/870-3700.pdf [hereinafter OPPTS 870.3700];
see infra tbl. 3.
'41 OPPTS 870.3700, supra note 140, at 4-6; see infra tbl. 3.
142 OFFICE OF PREVENTION, PESTICIDES & TOXIC SUBSTANCES (OPPTS), ENVTL. PROT.
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generation, are dosed with a pesticide for approximately ten weeks before
mating. 43 After mating, the pregnant P generation females continue to be
dosed during gestation and lactation. The offspring of the P generation,
called the F1 generation, are exposed during development through young
adulthood.'" Exposure in F I generation animals occurs via the mother during
gestation and lactation. 45 After weaning, a subset of F1 animals is dosed
directly until they are adults. During adulthood, F1 male and female rats are
mated to produce an F2 generation. 46 The entire study is complete when the
F2 animals are weaning age. The primary goal of this study is to assess
reproductive function in animals that have been exposed during fetal life,
infancy, adolescence, and early adulthood (the F1 generation). 47 Limited
information on young animals, the F2 generation, is collected. 48 The rat
reproduction study does not assess brain or immune function beyond simply
weighing relevant organs, such as the brain, spleen, and thymus. 19 The rat
reproduction study also does not evaluate whether early life exposure
increases diseases of old age, such as cancer. Most chemicals that have been
tested are more carcinogenic when exposure occurs early in life. 5
2. Conditionally Required Study: The Developmental Neurotoxicity
("DNT") Study
Studies show that DNT testing is more sensitive for assessing the risks
that a chemical may pose to children's health. Unfortunately, this study is not
required under current law, and is requested by EPA for only a fraction of
pesticides, so EPA generally sets tolerances for pesticides based on data from
less sensitive tests.5'' The DNT study, in contrast to both the prenatal devel-
AGENCY, PUB. No. 712-C-98-208, HEALTH EFFECT TEST GUIDELINES OPPTS: 870.3800
REPRODUCTION AND FERTILITY EFFECTS (1998), available at http://www.epa.gov/docs/
OPPTSHarmonized/870_HealthEffectsTestGuidelines/Series/870-3800.pdf [hereinafter
OPPTS 870.3800]; see infra tbl. 3.
141 OPPTS 870.3800, supra note 142, at 4.
4'4id. at 1.
145 Id. at 5.
146Id. at 1-2.
1
47 Id. at 6.
'4. See infra tbl. 3.
149 OPPTS 870.3800, supra note 142, at 6-7.
See supra Part II.A.-B.
'5' CONSUMERS UNION OF UNITED STATES, INC., A REPORT CARD FOR THE EPA: SUCCESSES
AND FAILURES IN IMPLEMENTING THE FOOD QUALITY PROTECTION ACT, overview, at 6
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opmental or rat reproduction study, does assess functional toxicity, although
assessment is limited to nervous system function and onset of sexual
maturation.'52 In the DNT study, pregnant rats are dosed from the sixth day
of pregnancy through ten days after giving birth (gestation day six to
lactation day ten) and the offspring are evaluated for several endpoints until
they are young adults. 3
DNT often results in a lower "no observed effect level" ("NOEL") than
either the prenatal developmental study or the rat reproduction study. In
1998, EPA scientists in the Office of Prevention, Pesticides, and Toxic
Substances ("OPPTS") conducted an analysis of twelve DNT studies that had
been submitted to the Agency, nine of which were pesticide studies.5 4 They
found that DNT resulted in a lower NOEL compared to the prenatal develop-
mental study for almost ninety percent (eight of nine) of the pesticides
analyzed.' Even when compared to the rat reproduction study, which
includes postnatal follow up, DNT still resulted in a lower NOEL for sixty-
seven percent of pesticides tested.'56
Behavioral and cognitive testing, including learning and memory tests,
reflex tests, and others, are key to assessing the effects of chemicals."5 7 In
many cases, effects are the result of more than the magnitude of the dose.
Instead, the effects depend on the dose, the duration of the effect, and the
stage of development at which the exposure takes place.' Exposures during
periods of rapid neural development are most likely to have permanent
effects on neural function, including behavior and cognition.'59
(2001), available at http://www.ecologic-ipm.com/ReportCardfinal.pdf [hereinafter FQPA
REPORT CARD].
152 OFFICE OF PREVENTION, PESTICIDES & Toxic SUBSTANCES (OPPTS), ENVTL. PROT.
AGENCY, PUB. No. 712-C-98-239, HEALTH EFFECT TEST GUIDELINES OPPTS: 870.6300
DEVELOPMENTAL NEUROTOXICITY STUDY 3 (1998), available at http://www.epa.gov/docs/
OPPTSHarmonized/870_HealthEffectsTest Guidelines/Series/870-6300.pdf [hereinafter
OPPTS 870.6300]; see infra tbl. 3.
t OPPTS 870.6300, supra note 152, at 3.
'5 Makris et al., supra note 139, at 20.
... Id. at 13; see infra tbl. 4.
156 Makris et al., supra note 139, at 13; see infra tbl. 4.
IS' OPPTS 870.6300, supra note 152, at 5.
'
5 8 See INT'LPROGRAMMEON CHEM. SAFETY, WORLD HEALTH ORG., WHO/PCS/EDC/02.2,
GLOBAL ASSESSMENT OF THE STATE-OF-THE SCIENCE OF ENDOCRINE DISRUPTORS 2-3, 7-9
(Tern Damstra et al. eds., 2002), available at http://www.who.int/pcs/emerg_site/eds/
global edcTOC.htm; Global Assessment, supra note 28, at 7-8.
'" Howard Bern, The Fragile Fetus, in CHEMICALLY-INDUCED ALTERATIONS IN SEXUALAND
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Unfortunately, EPA only conditionally requires the DNT study, even
though EPA's 10X Task Force recommended that "developmental neuro-
toxicity testing be included as part of the minimum core toxicology data set
for all chemical food-use pesticides for which a tolerance would be set."' 60
Consistent with the Agency's need for these important data, on August
6, 1999, EPA announced its intent to "call in" data from acute, subchronic,
and developmental neurotoxicity studies from the registrants of 140 neuro-
toxic pesticides that were currently registered. The data call-in on September
10, 1999 requested data for thirty-four cholinesterase-inhibiting organophos-
phonic insecticides.161 To date, only a handful of the organophosphate
developmental neurotoxicity data and comparative cholinesterase inhibition
tests have been received by the Agency. 62
3. Determining the Magnitude of the FQPA Safety Factor
In FQPA, Congress mandated that EPA use a safety factor of 1OX
unless "reliable evidence shows that a different safety factor is protective of
infants and children."' 63 In practice, EPA has frequently applied an FQPA
safety factor of less than 1OX, even in some cases in which the evidence
would appear to be less than complete and reliable."6 In decisions involving
deviations from lOX, EPA considers three factors. First, EPA considers the
completeness of toxicity data, especially with respect to evaluating develop-
mental toxicity, such as teratology (malformations), growth, early develop-
mental milestones, or neurotoxicity.165 Second, EPA evaluates whether there
FUNCTIONALDEVELOPMENT: THE WILDLIFE/HUMAN CONNECTION (Theo Colburn & Coralie
Clement eds., 1992).
160 ENVTL. PROT. AGENCY, TOXICOLOGY DATA REQUIREMENTS FOR ASSESSING RISKS OF
PESTICIDE EXPOSURE TO CHILDREN'S HEALTH (DRAFT) 12 (1999), available at http://www.
epa.gov/oscpmont/sap/1999/may/10xtx428.pdf.
16' Neurotoxic Pesticides, Availability of Data Call-In Notice; Correction, 64 Fed. Reg.
44,922, 44,922-23 (Aug. 18, 1999).
62 Telephone Interview with Sue Makris, Envtl. Prot. Agency, Office of Pesticide Programs
(2003).
163 APPROPRIATE FQPA SAFETY FACTOR, supra note 12, at 4; see also Food Quality
Protection Act of 1996, Pub. L. No. 104-170, § 405 110 Stat. 1489, 1517-18 (1996) (codified
as amended at 21 U.S.C. § 346a(b)(2)(C) (2000)).
4 Press Release, Consumers Union, Consumers Union Grades EPA "C-" for Pesticide
Regulations (Feb. 11, 2001), at http://www.ecologic-ipm.com/ReportCardPR.pdf.
16' APPROPRIATE FQPA SAFETY FACTOR, supra note 12, at 51; see also OFFICE OF PESTICIDE
PROGRAMS, ENVTL. PROT. AGENCY, DETERMINATION OF APPROPRIATE FQPA SAFETY
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is evidence of increased developmental susceptibility based on available
toxicity studies.'66 Third, they evaluate the completeness of the exposure
database, which includes exposures from food, water or residential use.
167
To determine whether there is evidence of quantitative increased sus-
ceptibility, EPA compares effects seen in parental animals and offspring in
the prenatal developmental toxicity, rat reproduction and developmental
neurotoxicity study, when available. If effects are seen in young animals
below doses that cause toxicity in adult animals, EPA assumes increased
susceptibility. Conversely, if effects in young animals occur at doses equal
to or greater than doses that harm adult animals, then EPA concludes there
is not evidence of increased susceptibility.
68
Young animals can also be qualitatively more susceptible than adults.
This means that effects observed in young animals are more severe than
those seen in adults. For example, a pesticide may cause the maternal animals
to lose weight at a dose that causes pups to die.
69
EPA uses a "weight of evidence" approach to determine the magnitude
of the FQPA safety factor.7 0 In general, critical toxicity or exposure data
gaps have merited a 3X FQPA safety factor. Evidence of increased sus-
ceptibility has merited a 3X to lOX safety factor, depending on the relative
difference in susceptibility. 7' Although EPA can in theory use a FQPA
safety factor greater than lOX, the Agency has not yet chosen to do so.
EPA determines an FQPA safety factor for pesticides evaluated individ-
ually, and for pesticides evaluated as part of a common mechanism oftoxicity
group.172 Thus, pesticides can have a FQPA safety factor developed for the
FACTOR(S) IN THE ORGANOPHOSPHORUS PESTICIDE CUMULATIVE RISK ASSESSMENT:
EVALUATION OF SENSITIVITY AND SUSCEPTIBILITY TO THE COMMON MECHANISM OF
TOxICITY, ACETYLCHOLINESTERASE INHIBITION 1(2002), available at http://www.epa.gov/
scipoly/sap/2002/june/fmal_lOx_cra.pdf [hereinafter FQPA SAFETY FACTOR, ORGANO-
PHOSPHORUS].
166 APPROPRIATE FQPA SAFETY FACTOR, supra note 12, at 51; see also FQPA SAFETY
FACTOR, ORGANOPHOSPHORUS, supra note 165, at 1.
167 APPROPRIATE FQPA SAFETY FACTOR, supra note 12, at 51; see also FQPA SAFETY
FACTOR, ORGANOPHOSPHORUS, supra note 165, at 1.
16s APPROPRIATE FQPA SAFETY FACTOR, supra note 12, at 52-53.
69 OFFICE OF PESTICIDE PROGRAMS, ENVTL. PROT. AGENCY, DETERMINATION OF
APPROPRIATE FQPA SAFETY FACTOR(S) IN THE TOLERANCE SETTNG PROCESS 41 (1999).
170 APPROPRIATE FQPA SAFETY FACTOR, supra note 12, at 29.
'7" id. at 9-10.
372 A common mechanism of toxicity group is defined by EPA as "two or more pesticide
chemicals or other substances that cause a common toxic effect [to human health] by the
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individual pesticide independent of the cumulative risk assessment and an
FQPA safety factor based on the cumulative risk assessment.'73 Preferably,
individual pesticide assessments are completed before a cumulative risk
assessment is initiated. The individual and cumulative FQPA safety factor
may or may not be the same for a particular pesticide. The main difference
between the individual and cumulative FQPA 1 OX determination is that the
individual assessment is based on broader considerations for the young, such
as the ability to cause malformations (teratology), while the cumulative
FQPA factor is based on the specific mechanism of toxicity forming the basis
for common mechanism group.'74
B. Organophosphate Pesticides
OPs are the first class of pesticides EPA considered as a group in a risk
assessment, called a cumulative risk assessment.'75 EPA conducted a cumu-
lative risk assessment for the OPs because they have a common mechanism
of toxicity. All organophosphates inhibit activity of an enzyme in the brain
(acetylcholinesterase), resulting in neurotoxicity and death at high doses. In
the cumulative risk assessment, EPA is considering potential health risks
from simultaneous exposure to OPs in food, water, and the home-residential
use.
76
EPA selected the organophosphates for the first cumulative risk
assessment because the Food Quality Protection Act required EPA to address
same, or essentially the same, sequence of major biochemical events," or mechanisms of
action. ENVTL. PROT. AGENCY, ORGANOPHOSPHATE PESTICIDES: REVISED OP CUMULATIVE
RISKASSESSMENT 44 (2002), available athttp://www.epa.gov/pesticides/cumulative/rra-op/
[hereinafter ORGANOPHOSPHATE PESTICIDES]. Hence, the underlying basis of the toxicity is
the same, or essentially the same, for each chemical. A "[m]echanism of toxicity is defined
as the major steps leading to a toxic effect following interaction of a pesticide with biological
targets." ENVTL. PROT. AGENCY, GUIDANCE FOR IDENTIFYING PESTICIDE CHEMICALS AND
OTHER SUBSTANCES THAT HAVE A COMMON MECHANISM OF TOxICrrY 4 (1999), available
at http://www.epa.gov/fedrgstr/EPA-PEST/1999/February/Day-05/6055.pdf [hereinafter
IDENTIFYING PESTICIDE CHEMICALS]. In addition, the mechanism concerns how a pesticide
is "toxic to humans or experimental animals, and not the mechanism by which it is toxic to
target or intended species (i.e. its mechanism of pesticidal action)." Id. at 4 n.6.
' 3See IDENTIFYING PESTICIDE CHEMICALS, supra note 172, at 2.
174 See FQPA SAFETY FACTOR, ORGANOPHOSPHORUS, supra note 165, at ii.
' See ORGANOPHOSPHATE PESTICIDES, supra note 172, at Executive Summary, 1-2.
'76 Id. at 1.
[Vol. 28:257290
PESTICIDES
the worst first, meaning EPA must start with the riskiest pesticides.' 77 Or-
ganophosphates fall into this category for two reasons. First, people are
regularly exposed to OPs because they are used on many food crops, in
residential and commercial buildings, and for lawn care and ornamental
plants. 8 Almost half the insecticides used in the United States are organo-
phosphates. Second, the organophosphates are generally more toxic than
many other pesticides.'79
The cumulative FQPA factor for the OPs is based on the specific
mechanism of toxicity forming the basis for their common mechanism group,
which is cholinesterase inhibition.80 In other words, the cumulative FQPA
lOX determination for the OPs is based on the degree of cholinesterase
inhibition in young and adult animals where more inhibition or longer
persistence of inhibition is worse, and the completeness of the data with
respect to cholinesterase inhibition and exposure information. Because EPA
determined that exposure characterization of the OPs is complete, no FQPA
safety factor will be applied to OPs in the cumulative risk assessment due to
exposure data gap concerns.'' Therefore, the cumulative FQPA safety factor
for organophosphates represents degree of cholinesterase inhibition and
developmental neurotoxicity data gaps.
EPA fails to fully comply with the FQPA lOX safety factor require-
ments in their consideration of toxicity to fetuses, infants, and children for
either the organophosphate individual or cumulative risk assessments. In
some cases, the Agency is ignoring data that show toxic effects in young
animals at lower doses than adult animals. In other cases, EPA applied a
safety factor less than ten in cases for which data show greater than ten-fold
susceptibility to young animals. For the cumulative risk assessment, EPA is
only applying a 3X FQPA safety factor for OPs that lack a DNT study, even
though the majority of Scientific Advisory Panel ("SAP") members who had
an opinion on this matter were clear that the use of a IX or 3X FQPA factor
is unacceptable for the organophosphate pesticides."8 2
77Food Quality Protection Act of 1996, Pub. L. No. 104-170, § 405, 110 Stat. 1489, 1535
(1996) (codified as amended at 21 U.S.C. § 346a(q)(2)).
"I Envtl. Prot. Agency, Organophosphate Pesticides in Food-A Primer on Reassessment
of Residue Limits (May 1999), at http://www.epa.gov/pesticides/op/primer.htm.
1
79 Id.
180 FQPA SAFETY FACTOR, ORGANOPHOSPHORUS, supra note 165, at ii.
... Id. at 38.
112 Id. at 38-39.
2004]
WM. & MARY ENVTL. L. & POL'Y REV.
1. EPA is Ignoring Available Cholinesterase and DNT Data that
Demonstrates that Young Animals are Much More Vulnerable to OP
Toxicity Than Adults
EPA has data on cholinesterase inhibition in young rats following a
single (acute) or repeat exposure for six and four organophosphate pesticides,
respectively.'83 Compared to the repeat exposure data, the acute exposure
measurements show a greater percentage of OPs demonstrating increased
toxicity to the young, and a greater magnitude of cholinesterase inhibition
overall.18' Nevertheless, EPA ignored the acute exposure data in favor of the
repeat exposure data, resulting in a decreased FQPA safety factor for several
organophosphates.
Data on cholinesterase inhibition in rats is measured at two stages of
development, at eleven and twenty-one days after birth, called postnatal day
("PND")-I 1 and PND-21 .85 These data sets are used to measure cholin-
esterase inhibition following acute or single dose and repeated exposures in
juvenile rats. For example, to measure acute toxicity, scientists will dose an
animal once on PND-1 1 before measuring the extent of cholinesterase
inhibition.'86 As a measure of repeated exposure toxicity in young rats,
animals are dosed from PND- 11 through PND-2 1, and then cholinesterase
levels are measured. Using this information, and data on cholinesterase
inhibition in adult animals, EPA scientists calculate ratios of young to adult
response. A ratio of one indicates no difference between young and adult
rats, while a ratio greater than one means the amount of cholinesterase
inhibition was greater in young animals showing developmental vulner-
ability. Conversely, a ratio of less than one means the adult animal was more
susceptible.
83 See infra tbl. 5 (outlining study results); see also OFFICE OF PESTICIDE PROGRAMS, ENVTL.
PROT. AGENCY, DETERMINATION OF THE APPROPRIATE FQPA SAFETY FACTOR(S) IN THE
ORGANOSPHOSPHORUS PESTICIDE CUMULATIVE RISK ASSESSMENT 16-17 (2002), at
http://www.epa.gov/OSCpmont/sap/2002/june/final_10x-cra.pdf [hereinafter ORGANO-
SPHOSPHORUS PESTICIDE CUMULATIVE RISK ASSESSMENT].
84 See infra tbl. 5; see also ORGANOPHOSPHOROUS PESTICIDE CUMULATIVE RISK
ASSESSMENT, supra note 183, at 6-7, 15-16.
"'
85 ORGANOSPHOSPHORUS PESTICIDE CUMULATIVE RISK ASSESSMENT, supra note 183, at 11-
12, 14.




The data show that in general rat pups show more developmental
susceptibility at PND- 11 or PND- 17 than at PND-2 1, yet the Agency selected
data from PND-21 as a basis for selecting FQPA safety factors.'17 As Table
5 demonstrates, four of the six (sixty-seven percent) OPs for which the
Agency has DNT data are more acutely toxic to PND- 11, or PND- 17, aged
rat pups compared to adults. For PND-21 pups, EPA has data for only four
of the six OPs, and of these four, two are more toxic to young rats (fifty
percent). In addition, for some pesticides, PND- 11 (or PND- 17) rat pups are
over ten times more affected than adult rats, specifically malathion and
methyl parathion.' The maximum increased susceptibility seen in PND-21
rat pups is 3.2 for methyl parathion.8 9
EPA used the more incomplete PND-21 data set to select an FQPA
factor and disregarded the more complete data set from PND-1 1 pups, which
also shows a greater degree of susceptibility than the PND-21 data. The
justification for this decision is that the PND- I1 stage rat is most similar to
a human baby at six months, not an age of concern for EPA because these
infants consume less OP pesticides. EPA states that the PND-21 stage rat pup
is developmentally most similar to a human toddler of one to two years, an
age group of concern because of higher consumption of OP pesticides.' 90
As pointed out by the Natural Resources Defense Council ("NRDC"),
this approach may not protect infants that are ingesting OP pesticides,
especially those infants in the highest exposure percentiles.' 9' For example,
the revised cumulative risk assessment shows that children or toddlers one
to two years of age consume twice as much OP pesticide from food sources
as infants.' 92 The cholinesterase data, however, demonstrate that "infants"
(PND- 11 animals) may be twenty times more vulnerable to OP toxicity, as
is the case for malathion. For malathion, PND-21 rat pups-children or
toddlers-were two times more vulnerable than younger animals.' 93 If an
..
7 ORGANOPHOSPHOROUS PESTICIDE CUMULATIVERISK ASSESSMENT, supra note 183, at 10-
12, 15-16.
"88 See infra tbl. 5; see also ORGANOPHOSPHOROUS PESTICIDE CUMULATIVE RISK
ASSESSMENT, supra note 183, at 12, 14, 17.
189 See infra tbl. 5.
90 ORGANOPHOSPHOROUS PESTICIDE CUMULATIVE RISK ASSESSMENT, supra note 183, at 27;
see also Markis et al., supra note 139, at 15-16.
191 JENNIFER SASS, NATURAL RESOURCES DEFENSE COUNSEL COMMENTS ON THE REVISED
CUMULATIVE RISK ASSESSMENT OF THE ORGANOPHOSPHATE PESTICIDES (Aug. 28, 2002).
' Envtl. Prot. Agency Tech. Briefing, Slide 135 (June 18,2002) (reporting that at the 99.9th
percentile, they consume 0.0018 and 0.0009 mg/kg/day, respectively).
'
9
'ORGANOPHOSPHOROUS PESTICIDE CUMULATIVE RISK ASSESSMENT, supra note 183, at 17.
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infant consumes half the dose as a toddler, but is ten times more sensitive,
then that infant could have a toxic response five times greater than a toddler.
Even so, EPA is applying a 3X FQPA safety factor to malathion even
though registrant studies submitted to EPA show differences in inhibition
ranging from two-fold to over twenty-fold, between adults and PND- 11 pups
given equivalent doses of malathion. 94 In one study, two hours after admini-
stration of a single oral dose of technical grade malathion to young adult rats
and PND- 11 pups, the adult brain cholinesterase levels were inhibited three
to four percent for males and females, compared with the control animals.
Brain cholinesterase activity, however, was inhibited in the pups by eighty-
one to eighty-four percent for females and males, compared with the control
animals, a twenty-fold difference compared with the adult response.'95
For chlorpyrifos, EPA ignored data showing that rat pups are more
susceptible to chlorpyrifos and applied a IX FQPA safety factor in the
cumulative risk assessment. Numerous animal studies demonstrate that
immature animals are more susceptible to acute toxic effects from
chlorpyrifos.' 96 These findings were supported by the DNT results, which
demonstrated evidence of neuropathology and increased vulnerability of
fetuses when exposed to chlorpyrifos.'97 Most important, in these experi-
ments neuropathology was seen in the neonates at the lowest dose tested;
these studies were unable to identify an offspring "no observed adverse effect
level," even in the developmental neurotoxicity test.' 98 "[S]tructural
alterations in brain development ... [which could result in permanent brain
dysfunction] were seen at the lowest dose[s] tested."'199 EPA noted that rat
pups were qualitatively more susceptible than adults, with "cholinesterase
inhibition in dams versus structural effects on developing brain of the off-
'" Letter from Mark Cheminova to Environmental Protection Agency, EPA LIN#L0000617
(Feb. 13, 2001) (on file with the EPA) (regarding Malathion, preliminary data from a
developmental neurotoxicity study).
' ORGANOPHOSPHOROUS PESTICIDE CUMULATIVE RSKASSESSMENT, supra note 183, at 12;
Letter from Jennifer Sass et al., Natural Res. Def. Council, to Office of Pesticide Program,
Envtl. Prot. Agency 7 (Apr. 19, 2002), at http://www.ecologic-ipm.com/ PQPACRA.pdf.
196 ENVTL. ADVOCATES OF*NEW YORK, Focus ON PESTICIDES: NEW CONCERNS ABOUT
CHLORPYRIFOS 2 (1999).
"' ENVTL. PROT. AGENCY, INTERIM REGISTRATION ELIGIBILITY DECISION FOR
CHLORPYRIFOS, CASE No. (0100) 16, available at http://www.epa.gov/oppsrrdl/REDs/
chlorpyrifosired.pdf (last visited Sept. 6, 2003).




spring" observed at the same high dose."° Despite clear evidence of in-
creased susceptibility in young animals, EPA is assigning chlorpyrifos a I X
FQPA safety factor in CRA. °1
2. EPA is Ignoring the Advice of Many Scientific Advisory Panel
Members, Who Said a lOX FQPA Safety Factor is Most Appropriate
for the OPs
In June of 2002, EPA's technical advisory panel for pesticides, the
Scientific Advisory Panel ("SAP"), met to discuss appropriate FQPA safety
factors for the OP cumulative risk assessment.2 2 The panel was not asked
to determine whether EPA selected the appropriate choice of IX or 3X
versus the default lOX FQPA safety factor.2"3 Nevertheless, the topic came
up several times during the two-day meeting.2°4 EPA is not legally obligated
to take the advice of the SAP, but it usually does.20"
The majority of panel members who expressed an opinion on the mag-
nitude of an appropriate FQPA safety factor for organophosphoric pesticides
did not support EPA's proposed application of a 1X or 3X safety factor.2" As
summarized in SAP meeting minutes:
A majority of the Panel members who commented on the
Agency decision of an appropriate FQPA safety factor dis-
agreed with the Agency's proposal to deal with the FQPA
requirements to ensure protection of infants and children by
selective application of a 3X safety factor. These Panel
members concluded that the confidence with the available
200 Id. at 16.
20 See infra tbl. 5.
202 See FIFRA Sci. Advisory Panel, Envtl. Prot. Agency, Questions for the June 26-27, 2002
SAP Meeting, at http://www.epa.gov/scipoly/sap/2002/june/questions.htm (last visited Sept.
6, 2003).
203 FIFRA Sci. ADVISORY PANEL, ENVTL. PROT. AGENCY, TRANSMITTAL OF MEETING
MINUTES OF THE FIFRA SCIENTIFIC ADVISORY PANEL MEETING HELD JUNE 26-27, 2002, at
10 (July 19, 2002), at http://www.epa.gov/scipoly/sap/2002/june/junesapmeetingreport.pdf
[hereinafter FIFRA MEETING MINUTES].
2 04 Id.
205 id.
206 The Agency proposed a IX FQPA safety factor for organophosphates that did not show
greater cholinesterase inhibition in young rats and a 3X FQPA safety factor for those that did.
See infra tbl. 5.
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data was not sufficient to assure adequate protection with less
than the 1OX FQPA safety factor. Other Panel members were
prepared to accept EPA proposal, some with certain reser-
vations." 7
One panel member, Doctor Herbert Needleman, a professor at the
University of Pittsburgh specializing in neurotoxicology, °8 stated, "[t]he
reason that we're here is to decide if there is enough uncertainty or enough
certainty to avoid the obligatory tenfold safety factor. I think it is clear [t]hat
there is enough uncertainty that you cannot do that."20 9 Another panel
member, Doctor Dale Hattis, a specialist in human variability at Clark Uni-
versity,2  argued that there was considerable uncertainty in age-related
differences, and in many cases, a ten-fold factor was not adequate, especially
for children at high ends of a distribution.2" In concluding his thoughts on
this issue, Dr. Hattis stated, "In any event, the policy choice was made by the
Congress to a degree that said unless we are pretty damn sure, we're
supposed to retain this factor. "212
Likewise, SAP did not support EPA using a 3X FQPA safety factor for
the large number of OPs for which a DNT study was not available. This
sentiment was summarized by Doctor Brimijoin of the Mayo Clinic2 3, who
stated, "I guess you have heard from us that we think a tenfold safety factor
is more appropriate for the compounds where you have no data at all. 214 The
final meeting minutes read:
The Agency also proposes to apply the same safety factor
[3X] to the 24 remaining chemicals currently under review,
while awaiting receipt of new data from ongoing studies of
developmental neurotoxicity in rats. Various reasons were
207 FIFRA MEETING MINUTES, supra note 203, at 10.
201 11 FIFRA Sci. ADVISORY PANEL, ENVTL. PROT. AGENCY, SCIENTIFIC ADVISORY PANEL
(SAP) OPEN MEETING 7 (June 26, 2002), at http://www.epa.gov/scipoly/sap/2002/june/
volume2.pdf [hereinafter II SAP MEETING].
109 Id. at 36.
210 Id. at 4.
211 See generally id. at 191-97.
212 Id. at 202.
213 1 ENVTL. PROT. AGENCY, SCIENTIFIC ADVISORY PANEL(SAP) OPEN MEETING 9 (June 26,
2002), at http://www.epa.gov/scipoly/sap/2002/june/volume1.pdf.
114 11 SAP MEETING, supra note 208, at 181.
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cited by the Panel members who recommended instead that
EPA apply across the board a uniform 10X FQPA safety
factor. The most widely cited reason for this recommendation
was a concern that the existing animal database does not
provide sufficient assurance that young children are not at
substantially greater risk than adults from exposures to OPs.
This concern was based on the uncertainties arising from
several deficiencies in EPA's cumulative risk analysis." 5
C. Endocrine Disrupting Pesticides
EPA is years away from finalizing a screening program to test for
endocrine disrupting effects,' 16 even though FQPA directed EPA to imple-
ment an endocrine screening program by 1999.217 Although EPA would
likely use a 10X FQPA safety factor" 8 when facing data gaps, the Agency
has not interpreted the lack of endocrine disrupting data as a data gap since
the test protocol are not yet in place, although they do consider it a research
priority issue."'
Frequently, non-guideline studies, typically conducted in academic or
government labs, show evidence of endocrine disruption for pesticides.22 °
EPA considered this information when setting FQPA safety factors for some
pesticides, but ignored it for others.22' In most cases, however, endocrine dis-
215 FIFRA MEETING MINUTES, supra note 203, at 10.
2"6 Noah Sachs, Blocked Pathways Potential Legal Responses to Endocrine Disrupting
Chemicals, 24 COLUM. J. ENVTL. L. 289, 352 (1999).
217 Office of Pesticide Programs, Envtl. Prot. Agency, Policies and Programs Required by
the Food Quality Protection Act, at http://www.epa.gov/opppspsl/fqpa/1205mtng/polprog.
htm (last visited Sept. 6, 2003).
2 APPROPRIATE FQPA SAFETY FACTOR, supra note 12, at 26.
219 In 1996, EPA's Office of Research and Development ("ORD") identified endocrine
disruption as one of its top six research priorities. Envtl. Prot. Agency, Endocrine Disruptors
Research Initiative, at http://www.epa.gov/endocrine (last visited Sept. 6, 2003); EPA's
Science to Achieve Results ("STAR") Program stated "The purpose of this announcement
is to develop a government-wide coordinated effort to stimulate innovative, multi-
disciplinary research to address high priority scientific uncertainties related to the potential
adverse effects of endocrine disrupting chemicals... in humans and wildlife." Nat'l Ctr. for
Envtl. Research, Envtl. Prot. Agency, Endocrine Disruptors, Interagency Announcements:
1999 Science to Achieve Results (STAR) Program, at http://es.epa.gov/ncer/rfa/archive/
grants/99/cendo.html (last visited Sept. 6, 2003).
220 Global Assessment, supra note 28, at 59.
22 See infra tbl. 5.
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ruptor data is not available for pesticides because only a relatively small
number of pesticides have been extensively studied in non-guideline studies
that assess endocrine function. To date, this data gap has not influenced EPA
to use the FQPA safety factor, even though EPA was directed to give consid-
eration to "whether the pesticide chemical may have an effect in humans that
is similar to an effect produced by a naturally occurring estrogen or other
endocrine effects" ' when establishing, retaining, or "revoking a tolerance
or exemption for a pesticide chemical residue." '223 A data gap relevant for
assessing developmental toxicity typically has thus far resulted in a 3X
FQPA safety factor.224
For other pesticides, EPA is not requiring a DNT study for pesticides
that have endocrine effects known to impair brain development.2 5 in par-
ticular, some pesticides cause decreased levels of thyroid hormone causing
hypothyroidism, a condition that is well known to impair brain development
in people. 26 In the case of vinclozolin, an FQPA safety factor greater than
I OX is supported by the data, yet EPA applied the default lOX factor.227
Finally, for lindane, EPA applied a 3X FQPA safety factor, although
evidence of both quantitative and qualitative increased susceptibility argue
for a 1 OX FQPA safety factor.228
222 21 U.S.C. § 346a(b)(2)(D)(viii) (2003).
223 21 U.S.C. § 346a(b)(2)(D) (2003).
224 APPROPRIATE FQPA SAFETY FACTOR, supra note 12, at 26.
225 FQPA REPORT CARD, supra note 151, at 12-13; see infra tbl. 5.
226 THOMAS M. CRISP ET AL., ENVTL. PROT. AGENCY, EPA Doc. No. EPA/630/R-96/012,
SPECIAL REPORT ON ENVIRONMENTAL ENDOCRINE DISRUPTION: AN EFFECTS ASSESSMENT
AND ANALYSIS 49 (1997). See generally Pamela M. Hurley, Mode of Carcinogenic Action
of Pesticides Inducing Thyroid Follicular Cell Tumors in Rodents, 106 ENVTL. HEATLH
PERSP. 437 (1998) (examining chemicals that effect thyroid functioning).
227 Vinclozolin, Notice of Filing a Pesticide Petition to Establish a Tolerance for a Certain
Pesticide Chemical in or on Food, 68 Fed. Reg. 14,628, 14,631 (Mar. 26, 2003).
228 OFFICE OF PREVENTION, PESTICIDES & TOXIC SUBSTANCES, ENVTL. PROT. AGENCY,
REREGISTRATION ELIGIBILITY DECISION FOR LINDANE, CASE 315, at 10 (2002), at
http://www.epa.gov/oppsrrdl/REDs/lindane-red.pdf; Memorandum from Brenda Tarplee,
FQPA Safety Factor Comm. to Sue Shallal, Health Effects Div., Envtl. Prot. Agency, HED





Even when endocrine data exists, EPA often ignores the implications of
endocrine disruptors for fetuses, infants and children.229 This is especially
true for pesticides that cause decreased thyroid hormone levels for hypo-
thyroidism, a well-known risk factor for impaired brain development in
people. 3 ° For example, the fungicide thiophanate-methyl causes hypo-
thyroidism in mice, rats, and dogs.23" ' Despite these findings, EPA is not
requiring a DNT study for thiophanate-methyl. The most recent preliminary
risk assessment for thiophanate-methyl shows that EPA is applying a 3X
FQPA safety factor due to an incomplete database because the acute and
subchronic neurotoxicity studies have not been submitted.232 A DNT study
is "reserved," pending the outcome of the adult neurotoxicity studies.233 The
DNT study, however, should be required regardless of the adult study out-
comes, as EPA is already aware that thiophanate-methyl decreases thyroid
hormones, an effect that presents a unique risk to fetuses, infants, and
children compared to adults.3 4
In the case of thiophanate-methyl, EPA uses the absence of finalized
endocrine disruptor screening program as justification for not requiring
appropriate testing, stating "The HIARC [Hazard Identification Assessment
Review Committee] had further hesitations in requiring a DNT for
thiophanate-methyl at this time since the current protocol may not be
adequate or appropriate to evaluate chemicals that may affect the thyroid." 235
It is highly unlikely, however, that any studies in the near future would
evaluate brain function more thoroughly than the DNT study. The only
neurological endpoints covered in a recent special study being considered by
229 See infra tbl. 5.
230 Id.
231 HEALTH EFFECTS DIV., ENVTL. PROT. AGENCY, REVISED PRELIMINARY HUMAN HEALTH
RISK ASSESSMENT: THIOPHANATE-METHYL 18 (2001), at http://www.epa.gov/oppsrrdl/
reregistration/tm/tmhedchapter.pdf.
232 Memorandum from Brenda Tarplee, FQPA Safety Factor Comm. to Deborah Smegal,
Health Effects Div., Envtl. Prot. Agency, HED Doc. No. 014363, Thiophanate-Methyl: 2nd
Report of the FQPA Safety Factor Committee 5-6 (Oct. 25, 2000), at http://www.epa.gov/
pesticides/registrationtni/tnfqpa.pdf.
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EPA to detect thyroid effect were brain weight and simple histopathology.236
The study proposed no functional assessment of neurotoxicity.
Similarly, EPA is not using thyroid hormone findings as a rationale for
requesting a DNT study for imazalil, another pesticide that causes hypothy-
roidism.237 In this case, EPA is requesting the DNT study, but only because
a non-guideline study found evidence of neurotoxicity.238 EPA should not
need evidence of neurotoxicity before requiring a DNT study when data
show that a pesticide causes hypothyroidism, because it is such a well-known
risk factor for impaired brain development. 239 For imazalil, EPA discusses
the thyroid data, but only in the context of thyroid cancer in rodents and not
as a risk factor for brain development.24
2. Vinclozolin
For vinclozolin, EPA has applied a 1OX FQPA safety factor to take into
account a data gap and evidence of quantitative susceptibility.24' The mag-
nitude of increased susceptibility alone, however, is about ten-fold. 42 In this
236 Gary W. Wolfe et al., Two-GENERATION REPRODUCTIVE TOXICITY STUDY OF
PROPYLTHIOURACIL (PTU) WHEN ADMINISTERED TO SPRAGUE-DAWLEY RATS IN THE
DRINKING WATER 15 (2002), at http://www.epa.gov/scipoly/oscpendo/meetings/2002/
july/ptu2gendraftforedmvs.pdf.
237 See HEALTH EFFECTS Div., ENVTL. PROT. AGENCY, HUMAN HEALTH RISK ASSESSMENT:
IMAZALIL 2,19 (2002), at http://www.epa.gov/oppsrrdl/reregistration/inazalil/ImazHuman
RiskAssess.pdf [hereinafter IMAZALIL RISK ASSESSMENT]; Memorandum from Brenda
Tarplee, FQPA Safety Factor Comm. to Sue Hummel, Health Effects Div., Envtl. Prot.
Agency, HED Doc. No. 013762, Imazalil: Report of the FQPA Safety Facotr Committee 3
(Sept. 28, 1999), at http://www.epa.gov/oppsrrdl/reregistration/imazaliVlImazPQPA.pdf.
23' See sources cited supra note 237.
239 See Elena Vega-Nunez et al., Neuronal Mitochondrial Morphlogy and Transmembrane
Potential are Severely Altered by Hypothyroidism During Rat Brain Development, 128
ENDOCRINOLOGY 3771, 3771 (1997).
240 IMAZALIL RISK ASSESSMENT, supra note 237, at 2, 11, 46.
24 Memorandum from Brenda Tarplee, FQPA Safety Factor Comm. to William Hazel,
Health Effects Div., Envtl. Prot. Agency, HED Doc. No. 013895, Vinclozolin: Reassessment
Report of the FQPA Safety Factor Committee 6 (Dec. 15, 1999), at http://www.epa.gov/
oppsrrdl/reregistration/vinclozolin/fqpasfc_l.pdf [hereinafter Vinclozolin Reassessment
Report].
242 Memorandum from William J. Hazel, Health Effects Div., to Deanna Scher and Susan
Lewis, Special Review and Reregistration Div., Envtl. Prot. agency, Vinclozlin: Revised
Human Health Risk Assessment (Chemical I.D. No. 113201, DP Barcode D265863) 4, 16




case, it could be argued that a FQPA safety factor of greater than 10X is
appropriate to account for both the degree of susceptibility and the DNT data
gap, which typically merits a 3X factor. By combining these factors, a 30X
FQPA safety factor could have been justified for vinclozolin. EPA, however,
is essentially capping the FQPA safety factor at lOX even though their
guidance document states they can apply a safety factor greater than lOX:
The "retain, reduce or remove" language implies that OPP
[Office of Pesticide Programs] thought any "different"
additional factor applied could be no greater than 10. The
statute is not so limiting. In fact, the final safety factor could
be greater than lOX. OPP continues to adhere to the core
principle that the FQPA establishes an additional lOX safety
factor as a default. In this document the phrase "consider an
FQPA safety factor" should be interpreted to mean to retain
the presumptive lOX FQPA safety factor or to establish a
different safety factor that is less than, equal to, or greater
than the default value.243
The vinclozolin prenatal developmental toxicity study showed that 50
mg/kg/day during gestation caused the male pups to have decreased ano-
genital distance, a sign of demasculinization consistent with vinclozolin's
anti-androgen mechanism of toxicity.2 " The pup NOAEL 245 was the next
lowest dose administered, 15 mg/kg/day.246 In contrast, no harmful effects
were observed in maternal animals even at 150 mg/kg/day. 7 Other studies
have shown that maternal effects are manifest somewhere between 400 and
243 APPROPRIATE FQPA SAFETY FACTOR, supra note 12, at A-6.
244 Vinclozolin Risk Assessment, supra note 242, at 13; see Vinclozolin; Notice of Filing a
Pesticide Petition to Establish Tolerance for a Certain Pesticide Chemical in or on Food, 68
Fed. Reg. 14,628, 14,630 (Mar. 26, 2003).
245 The chronic daily "safe" dose (chronic population adjusted dose or cPAD) of 0.0012
mg/kg/day vinclozolin is not based on the prenatal development toxicity study. It is based
on a two-year chronic toxicity/cancer study in adult rats. See OFFICE OF PREVENTION,
PESTICIDES & TOXIC SUBSTANCES, ENVTL. PROT. AGENCY, DOC. No. 738-R-00-023,
REREGISTRATION ELIGIBILITY DECISION FOR VINCLOZOLIN 10(2000), at http://www.epa.gov/
oppsrrd1/REDs/2740red.pdf.
246 Vinclozolin; Notice of Filing a Pesticide Petition to Establish Tolerance for a Certain
Pesticide Chemical in or on Food, 68 Fed. Reg. at 14,630.
247 Id.
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600 mg/kg/day,248 which suggests a ten-fold difference in prenatal and
maternal toxicity.249
The HIARC also requires a DNT study, the absence of which typically
merits a 3X factor,25 for vinclozolin due to its ability to disrupt androgen
action. HIARC even requested an expanded DNT study "[s]ince the current
DNT study protocol may not be sufficient to detect the subtle findings
reported in the open literature and to assess the relevant endpoints ....
It is interesting that EPA requires a DNT study for vinclozolin, but not
for pesticides that cause hypothyroidism. The anti-androgen mode of action
with vinclozolin is not as widely recognized as a risk factor for impaired
brain development as is thyroid hormone disruption.252 Comparison of the
FQPA safety factor decisions for vinclozolin, thiophanate-methyl, and
imazalil show that EPA is inconsistent in their rationales for requesting DNT
data for pesticides.
3. Lindane
Lindane is another pesticide for which EPA has applied a 3X FQPA
safety factor even though the data suggest that young rats are greater than
three-fold more susceptible.253 In the DNT study, offspring were affected by
lindane at 5.6 mg/kg/day and adults at 13.7 mg/kg/day, resulting in a
developmental NOAEL of 1.2 mg/kg/day and a maternal NOAEL of 5.6
mg/kg/day. 254 Based on these data, young animals are 2.4- to 4.7-fold more
susceptible than adults. Young animals, however, are also qualitatively more
susceptible than adults based on the rat reproduction study, causing death and
248 400 mg/kg/day was identified as a maternal NOEAL in one study, while another study
found maternal effects at 600 mg/kg/day which was the lowest dose tested.
249 DEP'T OF PESTICIDE REGULATION, CAL. ENVTL. PROT. AGENCY, SUMMARY OF
TOXICOLOGY DATA: VINCLOZOLIN, at http://www.cdpr.ca.gov/docs/toxsums/pdfs/2129.pdf
(last revised July 20, 1998); see 68 Fed. Reg. 14,628 (Mar. 26, 2003).
250 APPROPRIATE FQPA SAFETY FACTOR, supra note 12, at 26.
251 Vinclozolin Reassessment Report, supra note 241, at 2.
252 Id. at 3-5 (noting anti-androgenic effects while not mentioning impaired brain
development).
253 The chronic acute PAD of 0.0016 mg/kg/day is based on a two-year chronic
toxicity/cancer study, not on developmental studies.
254 Memorandum from Brenda Tarplee, FQPA Safety Factor Comm. to Sue Shallal, Health
Effects Div., Envtl. Prot. Agency, HED Doc. No. 014272, The FQPA Safety Factor




delayed maturation in pups at doses that only cause decreased body weight
in maternal rats:
Both parental and offspring LOAEL[s] are 13 mg/kg; how-
ever there is a qualitative difference in effects. In the parental
animals, toxicity was seen in the form of reduction in body
weight gain during gestation while offspring toxicity was
correlated with decreases in pup viability and pup body
weight in the F, and F2 generations as well as delayed
maturation in the F2 generation. Evidence for quantitative
increase in susceptibility could not be ascertained due to the
wide spread in the doses tested. 5
Together, the quantitative and ilualitative increased susceptibility argue for
a lOX FQPA safety factor.
V. CONCLUSION
Despite increased pesticide regulation during the past several decades,
pesticide exposure continues to be a human health risk, especially for highly
exposed populations like farm and migrant worker families. Pesticides may
also be contributing to disease trends in the general population.
The Food Quality Protection Act of 1996 presented EPA with an
opportunity to pass health-based standards protecting infants and children,
generally considered to be the most vulnerable life stage, by applying a IOX
safety factor as a default to take into account children's health issues.
Instead, EPA often uses a lX or 3X FQPA safety factor even when there are
significant data gaps, such as endocrine disruption, and data indicates more
than a three-fold increased developmental susceptibility. In other cases, EPA
does not require developmental neurotoxicity testing from pesticides known
to cause decreased thyroid hormone levels and hypothyroidism, even though
this state is a known risk factor for decreased IQ scores and psychomotor
development in humans.
255 Id. at 2-3.
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